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(54)Titte: METHOD AND APPARATUS FOR DEPOSITION OF DIAMOND-UKB CARBON CX>A'nNGS FROM A 
HALL-CURRENT ION SOURCIE 



(57) Abstract 

A direct ion beam deposition method 
and apparatus are disclosed in which a sub- 
strate (120) is disposed within a vacuum cham- 
ber (110), a coating of DLC or Si-DLC at a 
high deposition rate using a Hall-Current ion 
source (100) is deposited on the substrate, the 
Hall-Current ion source is operating on car- 
bon-containing or caibon-containing and sil- 
icon-containing precursor gases, respectively, 
and has an anode discharge region (70) v/iuch 
is insulatively sealed to prevent discbarge from 
migrating into tlie interior of the ion source. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the approach of vapor-depositing diamond-like carbon (DLC) coating on the surface of 
a substrate using the hole current ion source (a) Step which carries said substrate in the vacuum 
evaporationo vacuimi chamber which exhausts air from said chamber, including the hole current ion 
soxirce; 

(b) It is the step which is a step which excites said cathode electron source in order to supply inert 
gas to at least one self-durability cathode electron source of said hole current ion source and to 
supply an electron to the anode plate of said hole current ion source, and is electrically insulated 
from said vacuum chamber so that said anode plate may be forbidden from forming shift of the 
plasma in the interior of said hole current ion source behind this anode plate.; 

(c) Introduce plasma maintenance gas to the anode plate discharge field inside said vacuiun chamber 
through the gap of said anode plate, and the step which impresses the electrical potential difference 
which makes tiie anode plate discharge current flow between said anode plates and said electron 
sources — it is — electromagnetism — the field estabUshed by the means It is the step which an 
electron ionizes plasma maintenance gas and forms the plasma beam of gas ion everywhere through 
said anode plate discharge field by crossing said anode plate discharge field and being formed.; 

(d) Step which carries out the plasma ion beam vacuum evaporationo of the layer of DLC from 
carbon content procursive gas using said plasma beam while cooling thermally with the cooling 
means except depending said anode plate on radial thermal emission; 

(e) Step which increases a vacuum chamber pressure to the atmospheric pressure force; 

(f) The diamond-like carbon (DLC) coating vacuum evaporationo approach containing the step 
which collects DLC coat substrate products. 

[Claim 2] The approach according to claim 1 by which said DLC layer is vapor-deposited at a larger 
rate than 5A/s. 

[Claim 3] The approach according to claim 1 by which said DLC layer is vapor-deposited at a larger 
rate than lOA/s. 

[Claim 4] The approach according to claim 1 which said DLC layer is a rate quicker than lOA/s, and 

is vapor-deposited by the larger nano indentation degree of hardness ttian 10GPa(s). 

[Claim 5] The approach according to claim 1 the anode plate discharge current which flows between 

said anode plates and said cathode electron sources drives said electromagnet means partially at 

least. 

[Claim 6] An approach including an AC-circuit means to drive said electromagnet means partially at 
least, and to reverse periodically the direction of the line of magnetic flux of the field of said 
electromagnet means according to claim 1. 

[Claim 7] The direction of the line of magnetic flux of said field established by said electromagnet 
means is an parallel approach according to claim 1 substantially on said anode plate front face of the 
second edge of said anode plate discharge field. 

[Claim 8] The direction of a plasma beam to which the direction of the line of magnetic flux of said 
field established by said electromagnet means comes out of said anode plate discharge field, and the 
approach according to claim 1 of emitting in the same direction substantially. 
[Claim 9] The approach according to claim 1 of being inert gas chosen from the group which said 
plasma maintenance gas becomes from an argon, neon, a krypton, a xenon, and its mixture. 
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[Claim 10] The approach according to claim 1 by which said cathode electron source is arranged to 
said anode plate discharge field at axial symmetry. 

[Claim 11] The approach according to claim 1 said cooling means has an impregnation means to 
contact said anode plate a cooling fluid and directly. 

[Claim 12] The approach according to claim 1 by which said plasma maintenance gas is substantially 
distributed to homogeneity all over said anode plate discharge field from an impregnation means, 
and is distributed to homogeneity through said gap in said anode plate substantially [ the anode plate 
discharge current acquired as a result ] near said gap. 

[Claim 13] The dimension of said gap inside said anode plate is larger than the property-Debye 
length of the local plasma formed near said gap of said anode plate at least. And the configuration of 
said gap so that said anode plate discharge current may be maintained substantially in said anode 
plate in the gap near the local field of said plasma maintenance gas which enters all over said anode 
plate discharge field The approach according to claim 1 of vapor-depositing a vacuiun evaporationo 
ingredient on the substrate constituted in order to restrict substantially visibility vacuum 
evaporationo of coating to said anode plate top in said gap. 

[Claim 14] The approach according to claim 1 used in order that a power source of supply may offer 
about 500 to about 1000 volts to said electron source. 

[Claim 1 5] The approach according to claim 1 chosen from the group which said carbon content 
precursive gas becomes from methane, ethane, ethylene, butane, a butadiene, acetylene, a hexane, a 
cyclohexane, and its mixture. 

[Claim 16] The approach according to claim 15 said carbon content precursive gas contains the inert 
gas chosen from helium, an argon, neon, a krypton, a xenon, and the group that consists of the 
mixture again. 

[Claim 17] The approach according to claim 16 said carbon content precursive gas contains the 
reactant gas chosen from the group which consists of hydrogen, nitrogen, a nitrogen content 
compoimd, a fluorine content compound, and its mixture again. 

[Claim 18] The approach according to claim 2 by which said DLC layer is the rate of the range of 
about 5 to about 200A per second, and is vapor-deposited by the nano indentation degree of hardness 
of the range of about 10 to about 40 GPa(s)- 

[Claim 19] The approach according to claim 1 chosen from the group which said substrate becomes 
from a metal, a semi-conductor, a ceramic, glass, a polymer, and its mixture. 

[Claim 20] an allocation means — the inside of said plasma beam — and said impregnation means to 
introduce said plasma maintenance gas through said gap ~ and the approach according to claim 12 
included in said housing in order to dissociate and to introduce said precursive gas directly. 
[Claim 21] The method according to claim 20 of having at least one tubing with which said 
allocation means has one nozzle in one edge in order to lead said precursive gas to the interior of 
said anode plate discharge field. 

[Claim 22] The approach according to claim 20 said allocation means has at least one allocation ring 
in order to lead vacuum evaporationo gas to the interior of said anode plate discharge field. 
[Claim 23] The method according to claim 20 of having at least one tubing with which said 
allocation means has one nozzle in one edge in order to lead said precursive gas to the outside of said 
anode plate discharge field. 

[Claim 24] The approach according to claim 20 said allocation means has at least one allocation ring 
in order to lead said precursive gas to the outside of said anode plate discharge field. 
[Claim 25] The approach according to claim 1 by which flow of said carbon content precursive gas 
is pulse-ized between said plasma ion beam vacuum evaporationo, and said plasma maintenance gas 
is continuously introduced through said gap. 

[Claim 26] It is the approach according to claim 1 by which said carbon content precursive gas is 
continuously introduced between plasma ion beam vacuimi evaporationo, and said anode plate 
discharge current is pulse-ized. 

[Claim 27] The approach according to claim 1 said substrate contains a data-logging medium. 
[Claim 28] The approach according to claim 1 said substrate is the magnetic transducer used with a 
magnetic-recording medium. 

[Claim 29] The approach according to claim 1 by which said substrate is carried in said vacuum 
evaporationo vacuum chamber so fliat the coat of the both sides of this substrate may be carried out 
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to coincidence by said DLC layer. 

[Claim 30] The approach according to claim 1 by which an electrical potential difference is 
impressed to said anode plate and said electromagnet means by another DC power source of supply. 
[Claim 31] In the approach of v^or-depositing diamond-like carbon (Si-DLC) coating by which the 
siUcon dope was carried out on the surface of the substrate using the hole current ion source (a) Step 
which carries said substrate in the vacuum evaporationo vacuum chamber which exhausts air fiom 
said chamber, including the hole current ion source; 

(b) It is the step which is a step which excites said cathode electron source in order to supply inert 
gas to the self-durability cathode electron source of said hole current ion source and to supply an 
electron to the anode plate of said hole ciuxent ion source, and is electrically insulated from said 
vacuum chamber so that said anode plate may be forbidden from forming shift of the plasma into 
inside said hole current ion source behind said anode plate.; 

(c) Introduce plasma maintenance gas to the anode plate discharge field inside said vacuum chamber 
through the gap of said anode plate. And it is the step which impresses the electrical potential 
difference which makes the anode plate discharge current flow between said anode plates and said 
electron sources, electromagnetism — the step which the field established by the means crosses said 
anode plate discharge field, and is formed, and an electron ionizes plasma maintenance gas and 
forms the plasma beam of gas ion everywhere through said anode plate discharge field, and; 

(d) Step which uses said plasma beam and carries out the plasma ion beam vacuum evaporationo of 
the layer of Si-DLC from carbon content precursive gas and siUcon content precursive gas while 
cooling thermally with the cooling means except depending said anode plate on radial thermal 
emission; 

(e) Step which increases a vacuum chamber pressure to the atmospheric pressure force; 

(f) The step which regains a Si-DLC coat substrate product is included. The diamond-like carbon 
(Si-DLC) coating vacuum evaporationo approach by which the silicon dope was carried out. 
[Claim 32] The approach according to claim 31 chosen from the group which said carbon content 
and silicon content precursive gas become from a silane, a disilane, methylsilane, dimethylsilane, a 
trimethyl silane, a tetramethylsilane (TMS), diethylsilane, and its mixture. 

[Claim 33] Said Si-DLC layer is an approach according to claim 31 which is a larger rate than 5A/s, 
and is vapor-deposited by the larger nano indentation degree of hardness than 10GPa(s). 
[Claim 34] The approach according to claim 3 1 the anode plate discharge current which flows 
between said anode plates and said cathode electron sources drives said electromagnet means 
partially at least. 

[Claim 35] An approach including an AC-circuit means to drive said electromagnet means partially 
at least, and to reverse periodically the direction of the line of magnetic flux of the field of said 
electromagnet means according to claim 31. 

[Claim 36] The direction of the line of magnetic flux of said field established by said electromagnet 
means is an parallel approach according to claim 3 1 substantially on said anode plate front face of 
the second edge of said anode plate discharge field. 

[Claim 37] The direction of said plasma beam to which the direction of the line of magnetic flux of 

said field established by said electromagnet means comes out of said anode plate discharge field, and 

the approach according to claim 31 of emitting in the same direction substantially. 

[Claim 38] The approach according to claim 3 1 of being inert gas chosen from the group which said 

plasma maintenance gas becomes from an argon, neon, a krypton, a xenon, and its mixture. 

[Claim 39] The approach according to claim 3 1 by which said cathode electron source is arranged to 

said anode plate discharge field at axial symmetry. 

[Claim 40] The approach according to claim 3 1 said cooling means has an impregnation means to 
contact said anode plate a cooling fluid and directly. 

[Claim 41] The approach according to claim 31 by which said plasma maintenance gas is 
substantially distributed to homogeneity all over said anode plate discharge field from an 
impregnation means, and is distributed to homogeneity through said gap in said anode plate 
substantially [ the anode plate discharge current acquired as a result ] near [ said ] the gap. 
[Claim 42] The dimension of said gap inside said anode plate is larger than the property-Debye 
length of the local plasma formed near said gap of said anode plate at least. And the configuration of 
a gap so that said anode plate discharge current may be maintained substantially in said anode plate 
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in said gap near the local field of said plasma maintenance gas which enters all over said anode plate 
discharge field The approach according to claim 3 1 constituted in ordCT to restrict substantially 
visibility vacuum evaporationo of coating to said anode plate top in said gap. 
[Claim 43] The approach according to claim 31 used in order that a power source of supply may 
offer about 500 to about 1000 volts to said electron source. 

[Claim 44] The approach according to claim 32 said precursive gas contains the inert gas chosen 
fi-om heliimi, an argon, neon, a krypton, a xenon, and the group that consists of the mixture again. 
[Claim 45] The £q)proach according to claim 32 said precursive gas contains the reactant gas chosen 
Srom the group which consists of hydrogen, nitrogen, a nitrogen content compoimd, a fluorine 
content compound, and its mixture again. 

[Claim 46] The approach according to claim 31 by which said Si-DLC layer is the rate of the range 
of about 10 to about 200A per second, and is vapor-deposited by the nano indentation degree of 
hardness of the range of about 10 to about 40 GPa(s). 

[Claim 47] The approach according to claim 31 chosen fi-om the group which said substrate becomes 
from a metal, a semi-conductor, a ceramic, glass, a polymer, and its mixture. 
[Claim 48] an allocation means — the inside of said plasma beam — and said impregnation means to 
introduce said plasma maintenance gas through said gap — and the approach according to claim 31 
included in said housing in order to dissociate and to introduce said precursive gas directly. 
[Claim 49] The method according to claim 48 of having at least one tubing with which said 
allocation means has one nozzle in one edge in order to lead said precursive gas to the interior of 
said anode plate discharge field. 

[Claim 50] The approach according to claim 48 said allocation means has at least one allocation ring 
in order to lead vacuum evaporationo gas to the interior of said anode plate discharge field. 
[Claim 51] The method according to claim 48 of having at least one tubing with which said 
allocation means has one nozzle in one edge in order to lead said precursive gas to the outside of said 
anode plate discharge field. 

[Claim 52] The approach according to claim 48 said allocation means has at least one allocation ring 
in order to lead said precursive gas to the outside of said anode plate discharge field. 
[Claim 53] It is the approach according to claim 31 by which said silicon content precursive gas is 
pulse-ized between plasma ion beam vacuum evaporationo, and said plasma maintenance gas is 
continuously introduced through said gap. 

[Claim 54] It is the approach according to claim 31 by which said silicon content precursive gas is 
continuously introduced between plasma ion beam vacuum evaporationo, and said anode plate 
discharge current is pulse-ized. 

[Claim 55] The approach according to claim 31 said substrate contains a data-logging medium. 
[Claim 56] The approach according to claim 31 said substrate is the magnetic transducer used with a 
magnetic-recording medium. 

[Claim 57] The approach according to claim 31 by which said substrate is carried in said vacuum 
evaporationo vacuum chamber so that the coat of the both sides of this substrate may be carried out 
to coincidence by the Si-DLC layer. 

[Claim 58] The approach according to claim 31 by which an electrical potential difference is 
impressed to said anode plate and said electromagnet means by another DC power source of supply. 
[Claim 59] It is the hole current ion source which carries out vacuimi processing of the ingredient, 
and is a chamber under the (a) vacuum.; 

It is at least one anode plate (^scharge. field inside generation of a plasma beam, and said chamber 
for acceleration. This anode plate discharge field at the first edge near the outside of said chamber 

(b) Opening, It has at least one anode plate in the second edge which has at least one gap there. And 
said anode plate At least one anode plate discharge field electrically insulated from said chamber so 
that it may forbid forming shift of the plasma into inside said chamber behind this anode plate; 

(c) A cooling means to cool thermally except depending said anode plate on radial thermal emission; 

(d) At least one self-durability cathode electron source; 

(e) Power source of supply connected to said anode plate in order to impress the electrical potential 
difference which makes the discharge current flow between said anode plate and said self-durability 
cathode since the anode plate discharge current is driven from said anode plate to said cathode 
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through said anode plate discharge field; 

(£) At least one impregnation means to introduce said plasma maintenance gas for said gap of said 
anode plate all over through and said anode plate discharge field; 

(g) A field is established inside said anode plate discharge field, and since this field is driven 
partially at least, it has at least one electromagnet carried in said chamber. The hole current ion 
source which carries out vacuum processing of the ingredient. 

[Claim 60] The hole current ion source according to claim 59 said whose anode plate is a fluid 
cooling anode plate. 

[Claim 61] The hole current ion source according to claim 59 to which said anode plate discharge 
current which flows between said anode plates and said cathode electron sources drives said 
electromagnet partially at least. 

[Claim 62] The hole current ion source including the source of an altemating current electric power 
supply which drives said electromagnet partially at least, and reverses periodically the direction of 
the line of magnetic flux of the field of said electromagnet according to claim 59. 
[Claim 63] The direction of the line of magnetic flux of said field established by said electromagnet 
is the parallel hole current ion source according to claim 59 substantially on the fi-ont face of said 
anode plate in the second edge of said anode plate discharge field. 

[Claim 64] The direction of said plasma beam to which the direction of the line of magnetic flux of 
said field established by said electromagnet comes out of said anode plate discharge field, and the 
hole current ion source according to claim 59 substantially emitted in the same direction. 
[Claim 65] The dimension of said gap inside said anode plate is larger than the property-Debye 
length of the local plasma formed near said gap of said anode plate at least. And the configuration of 
a gap so that said anode plate discharge current may be maintained substantially in said anode plate 
in said gap near the local field of said plasma maintenance gas which enters all over said anode plate 
discharge field The hole current ion source according to claim 59 constituted in order to restrict 
visibility vacuum evaporationo substantially on said anode plate in said gap. 

[Claim 66] an allocation means ~ the inside of said plasma beam ~ and said impregnation means to 
introduce said plasma maintenance gas through said gap ~ and the hole current ion source according 
to claim 59 included in said housing in order to dissociate and to introduce said precursive gas 
directly. 

[Claim 67] The hole current ion source according to claim 59 which has at least one tubing with 
which said allocation means has one nozzle in one edge in order to lead said preciu'sive gas to the 
outside of said anode plate discharge field. 

[Claim 68] The hole current ion source according to claim 59 by which an electrical potential 
difference is impressed to said anode plate and said electromagnet by another DC power source of 
supply. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are no^ responsible £or any 
damages caused by the use of this trsuislatlon . 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

This applications are the United States patent application 08th of July 25, 1997 application / partial 

continuation ^plication of No. 901,036 (surrogate reference number No.53257). 

[0002] 

[Field of the Invention] 

This invention is the approach of vapor-depositing a thin film, hardening, and wear-resistant 
diamond-like carbon, equipment, and silicon that uses the grid loess hole current ion source. - It is 
related with use of the process which generates the protective coating for data storage and other 
application in the doped diamond-like, carbon coating list. 
[0003] 

[Background of the Invention] 

There are many examples in the conventional technique which applies the grid-ized ion source to 
direct vacuimi evaporationo of diamond-like carbon coating (DLC) from the mixture of the 
hydrocarbon gas within the ion source, and hydrocarbon gas, and the mixed gas of inert gas and 
hydrocarbon gas. The two latest report is assistance explaining application to vacuum evaporationo 
of DLC coating of the recently technique of the grid-ized ion source. M. "Applied physics Letters" 
Vol.64 [ / else / UEIRA ] and 2792-2799 "Journal OBU appUed physics" Vol.82 [ / else / 
SATTORU / a page (1994) and ] and 4566-4575 The page (1997) has indicated application to direct 
vacuum evaporationo of DLC which used the acetylene gas of the grid-ized ion source. Their 
researches are the conditions of offering about lOOeV per C atom by which the high degree of 
ionization of (1) distributed gas was obtained, and the high C/H weight ratio of (2) ion kinds was 
formed, and the average energy of (3) beams was vapor-deposited from the ion beam, and are high 
sp3. It is shown that DLC coating of a larger degree of hardness than 10GPa(s) can vapor-deposit to 
about lOA per second at the moderate rate of vacuum evaporationo by the fraction. Therefore, the 
grid-ized ion source operates with about 100-250eV ion energy, in order to form hard (namely, 
>10GPa) DLC coating generally. 
[0004] 

It is known that DLC coating containing other dopant elements, for example, silicon, will also be 
generable. This kind of coating is usually called the silicon-dope DLC or Si-DLC. For example, Si- 
DLC coating for the MAG transducer of September 3, 1996 application [ / else / Brown ] with which 
the United States patent application 08th under continuation / No. 707,188 were still vapor-deposited 
by the direct ion beam vacuum evaporationo approach by silicon content and carbon content 
precursive gas, and a magnetic-recording medium is indicated. :, about 12 [ i.e., ], by which these Si- 
DLC coatings are characterized with the following property — the nano pushing hardness of the 
range of GPa-19GPa, and about 0.4 - the compressive force of the range of GPa-1.8GPa, and about 
1463 - cm-1 to about 1530 — they are the Raman spectrum G-peak position of the range of cm-1, 
the silicon concentration of the range of about 1 atom % to about 30 atoms %, and the hydrogen 
concentration of the range of about 25 atoms % to about 47 atoms %. In the example in this 
specification, the grid-ized ion source is indicated as equipment which vapor-deposits Si-DLC 
coating. 
[0005] 
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However, it is common knowledge that application to DLC and Si-DLC vacuum evaporationo is 
limited by the function of electrostatic grid optical system required in order that the grid-ized ion 
source may form a ** monochrome-ENAJIE tick ion beam. This kind of grid restricts beam style 
concentration, therefore the rate of vacuum evaporationo in manufacture. Furthermore, a grid will 
destroy generation after all, when removing vacuum evaporationo from grid optical system, and it 
will restrict a maintenance cycle, and coating will be substantially carried out by the vacuum 
ev^orationo which produces a wide range maintenance problem. Gaierally the grid-ized ion source 
operates by the low vaccum pressure of 5x10 to 4 or less Torrs, and, generally has [ as opposed to / 
almost / the gas hydrocarbon chemical of all classes ] the rate of less than lOA [/second ] ion beam 
DLC vacuxrai evaporationo. 
[0006] 

In order to conquer the limit accompanying the grid-ized ion source, with the conventional 
technique, the attempt which uses the grid loess hole current ion source for vacuum evaporationo of 
DLC coating is made. In such DC or a pulse-ized DC device, ion is accelerated from the field of the 
ion generation through the electric field E estabUshed within the large discharge near the anode plate 
of equipment. This electric field are brought about by the electrostatic field B by which the 
electronic drift migration to the anode plate from cathode was imposed on discharge of the inside 
near the anode plate with which it is interfered by the field. An electron ionizes distributed gas as the 
electron emitted from cathode collides and a drift is carried out toward an anode plate through a field 
through imusual diffusion. The mobility to which the electron which crosses a field line was limited 
forms the electric field which intersect perpendicularly with space charge and the ****(ed) field 
substantially near the anode plate. The ion generated in the anode plate discharge field separates 
from an anode plate, and is accelerated. Since discharge of an anode plate and the are recording field 
of ion do not eliminate an electron, ion beam current density is not restricted by the peculiar space 
charge limitation in static storage optical system. In case this separates from an anode plate and an 
ion acceleration field and spreads some electrons emitted from cathode, and the electron released 
from ionization in discharge, it acts also so that an ion beam may be made to carbonate electrically. 
By the pressure of 10 to 4 or more Torrs, the diffiision backgroimd discharge to which the charge 
exchange process in the ionization which is distant from an anode plate discharge field, and an ion 
beam makes the output characteristics of the source which appears as both the ion beam carbonated 
electrically and false neutral diffusion plasma can be formed. Unlike the ** monochrome ENAJIE 
tech ion energy distribution of the grid-ized ion source, this grid loess ion soiarce has an extensive 
energy spectrum, and makes a very high ion current consistency possible. The synthetic output of 
both a selfish nature-ized ion beam and the diffusibility plasma may often be called a "plasma 
beam." 
[0007] 

This type of the ion source of other characteristic qualities are ExB drift current movements of the 
electron in an anode plate discharge field. The electron which is a screw type aroxmd the line of 
magnetic force of a field experiences ExB thru/or the hall effect force, and carries out a drift in the 
direction which intersects perpendicularly to both a field and electric field collectively. This is called 
the hall effect drift current. In order to avoid the hole potential which may be formed in accordance 
with this electronic drift path, these ion sources have the anode plate discharge field or channel 
which makes it possible to cany out the drift of the hall effect current along the continuous 
menopause way. The conventional technique is calling these types of ion source in the name of a 
large number. That is, they are a "magnetic plasma-dynamic arc thruster", a "hole accelerator", a 
"closed drift thruster", and the "hole current ion source." The expedient tops of this indication and 
these devices are generally called the "hole current ion source." There is the "- hole [ and ]" ion 
source indicated by U.S. Pat. No. 4,862,032 [ / else / Kauffinann ] of August 29, 1989 issue as 
explanation of this technique of fiirther others. 
[0008] 

The following example of reference shows the conventional technique about what apphed the hole 

current ion source to vacuum evaporationo of DLC coating. 

[0009] 

"Japanese journal OBU applied physics" Vol.31 [ / else / Okada ] and 1845-1854 The page (1992) 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 1/15/2005 



JP,2002-541604^ [DETAILED DESCRIPTION] 



Pages of 30 



has indicated the high energy hole current ion source used for vacuum ev^orationo of an ion 

implantation and hard, and attrition-proof DLC coating. 

[0010] 

"Diamond and related ingredient" Vol.4 [ / else / sheave / FEDO ] and 314 - 317 pages (1995) of 
hole-current ion sources used for vacuum evaporationo of comparatively transparent DLC coating 
are indicated. 
[0011] 

U.S. Pat. No. 5,616,179 of April 1, 1997 issue [ / else / in / BAL dough ] is the shape of a diamond, 
and conductivity, and has indicated coating which uses the process for vacuum evaporationo of the 
film of the electron emission carbon base, and the end-hole ion source of '032 patent [ / else / 
Kauffinann ]. 
[0012] 

U.S. Pat No. 5,508,368 [ / else / nap ] of April 16, 1996 issue and U.S. Pat. No. 5,618,619 [ / else / 
TOMIKURU / pel ] of April 8, 1997 issue have indicated the process at which the end-hole ion 
soiirce or the hole current ion source is used for vapor-depositing high transparency coating which 
has the nano pushing hardness of about 2 to 5GPa(s), and the abrasion resistance which is equal to 
glass, and which consists of C, Si, O, and H. 
[0013] 

It is desirable to vapor-deposit DLC and Si-DLC coating for the product hardened on the substrate of 
the large class about the example of application of a large number by the direct ion beam vacuum 
evaporationo by the grid loess hole-current ion source. When it explains in more detail, it is desirable 
to vapor-deposit DLC and Si-DLC coating fi-om the grid loess hole-current ion source, such coating 
has the nano indentation degree of hardness of a larger value than 10GPa(s), and the rate of vacuum 
evaporationo of such coating is larger than lOA per second in hardening (setting) of a product. As an 
example, the super-**, for example, less than lOOA thickness, thing for which DLC and the Si-DLC 
overcoat of 50A [ about 20A to ] thickness are generated preferably is desirable, and the degree of 
hardness is larger than lOGPa(s) on the magnetic transducer which maintains very low magnetic 
space, and a magnetic medium while it offers the lubrication property that it is used for a data 
storage application and a head disk interface is needed. In mass production method, in order to make 
it in agreement with the requirements for throughput of a product, as for the overcoat on a magnetic 
disk, it is desirable to be vapor-deposited at the rate of about 5 to 30A. [ per second ] 
[0014] 

It is equally important to enable it to apply these coatings to a product environment in addition to 
rationalization of the property of DLC and Si-DLC. therefore, : with required having a following 
additional property and capacity, in case the hole-current ion source vapor-deposits DLC and Si- 
DLC coating — that is Since it is refi^actoriness in comparison to non-conductive hydrocarbon 
coating formed in the anode plate discharge field of 1 ion source. It operates on power high in 
comparison, and discharge current level It has the beam output which is reliable about the geometry 
of 2 ion som-ces, and has coordination and symmetry, there is no potential damage over generating of 
3 arc and the electric transient phenomenon which is not desirable as for others 4 ignition (ignit) and 
application to a periodic on-oflF control action are easy 5 ~ being easily measurable to the application 
which includes large surface area. 
[0015] 

The conventional hole current ion source will receive altogether the limit which forbids these use in 
a manufacture environment for vacuvmi evaporationo of DLC and Si-DLC coating. No examples of 
reference of the conventional technique are taught about how the problem relevant to high vacuum 
evaporationo of non-conductive [ DLC ] and Si-DLC coating is conquered within DLC and a Si- 
DLC coating manufacture environment. 
[0016] 

Although Okada etc. is indicating use of the hole current ion source of comparatively high beam 
energy (about 200 to lOOOeV) during vacumn evaporationo of a DLC film from metiiane, applying 
equipment to Si-DLC coating is not indicating. It is large-sized and these refined devices form a field 
in the extended acceleration channel using many electromagnets. There is no direct active cooling of 
the anode plate aggregate, and equipment operates with the low anode plate anticathode current near 
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1 A with the low quantity of gas flow of Number seem. 500 It is high and the highest VIKKASU 
degree of hardness of coating vapor-deposited from methane by xising the ion beam energy of eV 
extent on 10cm lower stream of a river of the front face of the ion source is 2 about 4600kg/mm with 
a lOg load. It was a VTKXA degree of hardness. However, the rate of vacuimi evaporationo was 
about 2A from per [ 1 / only ] second very low rather than it wanted. It is not teaching how it 
operates, this ion source is formed and DLC or Si-DLC is generated at the high rate of vacuum 
evaporationo. Furthermore, this type of the hole current ion source of thing does not have the 
independent cathode made to generate self-self-sustaining continuation electron emission. This 
makes the periodic on-oflf control action difGcult at the time of manufacture. There are no report 
about this extended channel hole current ion source and example which can vapor-deposit DLC 
coating of the high degree of hardness in high rate in itself, or can focus at high rate on the common 
problem corresponding to direct vacuum evaporationo of coating. 
[0017] 

A FEDO sheave etc. generates DLC coating using the mixture of hydrogen and hydrocarbon 
distributed gas in the hole acceleration ion source equipped with the water cooling type anode plate. 
Their intention was generating transparent DLC coating on the low level of light absorption 
optically. DLC coating generated from the distributed gas which added methane, ethane, and 
acetylene to hydrogen was vapor-deposited on the substrate arranged by 1 8cm from the front face of 
the ion source. The range of the rate of vacuum evaporationo is 30A from per [ 2 / about ] second. 
However, it is very low, and the A^KKASU degree of hardness of DLC coating is measiu-ed by the 
5g very light load, and the range of it is [ mm ] 2 (4 to lOGPa(s)) 1,000kg /from 400. Furthermore, it 
is known that the degree of hardness of DLC coating will be overestimated by use of such a low 
indenter load. Thus, there is no instruction which suggests how the hole acceleration ion source of a 
FEDO sheave attains DLC coating of a very high degree of hardness. 
[0018] 

The '179 patent [ / else / in / BAL dough ] is indicating amorphous or the process which vapor- 
deposits nano face DLC coating using the end-hole ion source. In one example of this process, the 
various hydrocarbon gas which combined the argon is used for vapor-depositing DLC coating at the 
high rate of about 33 A per second by the degree of hardness of 8GPa. They are [ - hole ion source 
and ] about 0.2 A/cm2 from methane / argon mixture with lOOeV ion energy from per [ by which, as 
for BAL dough in etc., the DLC film was vapor-deposited in their desirable example / 90 / about ] C 
atom. It is teaching being generated by beam current density, which ~ others — process conditions to 
which instruction also enables vacuum evaporationo of very hard DLC or Si-DLC coating at the rate 
of vacuum evaporationo high [ how ] — or — and it is not teaching whether the gestalt of - hole ion 
source is changed. 
[0019] 

'368 patent and *619 patent are indicating the ion beam vacuum evaporationo approach of 
manufacturing the matter accompanied by the improved abrasion resistance and the improved life, 
respectively. [ / else / PITAMICHIERU / besides a nap ] In detailed explanation of the example of 
these invention, and a desirable example, - hole ion source operates by the hydrocarbon gas 
containing methane and a cyclohexane, and vapor-deposits DLC. It is mainly focused on vacumn 
evaporationo of the abrasion resistance in which these patents have the high expandability 
accompanied by the desirable degree of hardness of the range of 5GPa(s), and low compressive force 
from about 2. Although the nap etc. is touching on application of other types of the hole current ion 
source (namely, hole acceleration ion source) again for this approach, this kind of another grid loess 
ion source is designed how, and it is generated, or is not examining thru/or teaching whether it 
operates. Thus, there is no instruction which suggests how the hole current ion source is appUed and 
DLC or Si-DLC coating of a high degree of hardness is formed for high productivity. 
[0020] 

the fault on the actuation of further others of the hole current ion source by the conventional 
technique is based on Mahoney etc. — it applies on July 25, 1997 — having — yet ~ coincidence — 
pending in court — it is indicated by the U.S. patent application 08th / No. 901,036, and the 
explanation is taken in as an example of reference here. 
[0021] 
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What is explained below is the outline of the fault of the example of apphcation of the hole current 
ion source by the conventional technique for vacuum evaporationo of DLC and Si-DLC coating. 

1) DLC coating accompanied by a larger degree of hardness than lOGPa and the larger rate of 
vacuum evaporationo than lOA per second is imgenerable. 

2) In order to promote the high rate of vacuum evaporationo, and beam current flux, it cannot 
operate on comparatively high power and discharge current level by the extended time period. 

3) Actuation is sensitive to non-conductive hydrocarbon coating formed in the anode plate discharge 
field of the ion source. 

4) Dependability does not have an ion beam property in time, and it is inconsistent, and is spatially 
unsymmetrical about the geometrical gestalt of ion source equipment. 

5) It is easy to be influenced for the plasma arc which bars manufacture, a short circuit, and the 
electric transient phenomenon which is not desirable as for others of damage. 

6) It caimot start easily and periodic tuming-on-and-ofT actuation cannot be applied. 

7) It is difficult to measure tiie example of application which includes large surface area or width of 
face. 

[0022] 

[Summary of the Invention] 

The approach of this invention consists of vapor-depositing DLC or Si-DLC coating on the fi-ont 
face of a substrate using the hole current ion source, this hole current ion source and its example are 
based on Mahoney etc. — yet — coincidence ~ pending in court ~ it is indicated by the U.S. patent 
application 08th of application / No. 901,036 on July 25, 1997, and that explanation is taken in as an 
example of reference here. The electronic catalytic current (electron contact current) continues, and 
especially the ion source contains nonradioactive or the fluid cooling anode plate which offers one or 
two or more conductive surface areas substantially maintainable around an anode plate to 
homogeneity, when DLC and Si-DLC coating are vapor-deposited. 
[0023] 

In the initial process of this approach, a substrate is attached in a vacuum evaporationo vacuum 
chamber including the hole current ion source, and air is discharged fi-om a chamber. Inert gas is 
suppHed to at least one self-self-sustaining cathode electron source, and an electron source is 
appropriately excited by the power-source means, i.e., one or the power source beyond it, and supply 
to the anode plate of the electronic hole current ion source is offered. The anode plate is electrically 
insulated fi-om the vacuum chamber by the approach of preventing trespassing upon the interior of 
the hole current ion source which has formation of the plasma behind an anode plate. Plasma 
maintenance gas is introduced into the anode plate discharge field in a vacuum chamber through the 
gap of an anode plate. Next, an electrical potential difference is impressed and it is made for the 
discharge current to flow between an anode and the electronic source. Additionally, an electrical 
potential difference is impressed to the electromagnet power source for at least one electromagnet of 
an electromagnetic means, i.e., the hole current ion source, and passes a current on an electromagnet. 
A field is formed over an anode plate discharge field, an electron ionizes plasma maintenance gas 
and this results again in forming Guth Ion's plasma beam in the whole anode plate discharge field 
further. The layer of DLC or Si-DLC is carbon content precursive gas or the plasma ion beam vapor- 
deposited fi"om the mixture of siUcon content and carbon content precursive gas, respectively. An 
anode plate is cooled by the cooling means during vacuum evaporationo thermally besides being 
based on use of convection-current cooling or conduction cooling in addition to radiant heat 
emission. Preferably, an anode plate is a fluid cooling anode plate. A vacuum chamber pressure rises 
to an atmospheric pressure, and the substrate products to which DLC coating or Si-DLC coating was 
performed are collected. 
[0024] 

DLC and Si-DLC coating which were collected are vapor-deposited fi-om the rate which has the 
degree of hardness which exceeds lOGPa(s) using the characteristic hole current ion source, and 
exceeds substantially 5A/second, about 10 [ i.e., ], in the 120A [/second ] range. This grid loess ion 
source is the menopause way or the non-menopause way hole current ion source which illustrates the 
property of conquering the problem which the ion source of the conventional technique encountered, 
when it applies to manufacture of DLC coating. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 11/15/2005 



JP,2002-541604,A [DETAILED DESCRIPTION] 



Page 6 of 30 



[0025] 

Precursive gas lets the gap in an anode plate pass with plasma maintenance gas, or is directly 
introduced in a plasma beam, and further, through the gap of an anode plate, it dissociates from 
installation of plasma maintenance gas, and it is introduced. The dimension of the gap in an anode 
plate is larger than the property Debye length (Debye length) of the local plasma formed near the gap 
in an anode plate at least, the configuration of a gap restricts visibility vacuum evaporationo of 
coating substantially on an anode plate in a gap so that the anode plate discharge current may be 
maintained substantially in the anode plate in the gap near the local field of the plasma maintenance 
gas which enters all over an anode plate discharge field ~ as — **** — last ** TTie configuration of a 
gap is formed so that it may be substantially maintained in an anode plate in the gap near the local- 
ized field of the plasma maintenance gas which passes through an anode plate discharge field. 
[0026] 

This characteristic hole current ion source: Anode plate by which the seal was carried out in 
insulation so that it might prevent that (a) plasma is formed behind an anode plate; 

(b) A nonradioactive cooling means to cool an anode plate; 

(c) Self-self-sustaining cathode, i.e., cathode which has the independent power source,; 

(d) Electromagnet which is periodically reversed from an anode plate by the discharge current of 
self-self-sustaining cathode HE, or the independent direct current (DC), namely, operates by the 
discharge current from the source of an alternating current (AC) partially at least; 

(e) At least one gap in the anode plate which introduces plasma maintenance gas through an injector 
or other injection means; 

since — it becomes. 
[0027] 

In application to the DLC coating vacuum evaporationo, hole-current ion source eqiupment is 
formed in the closedown or the non-closedown hole-current drift path field. In order that a space 
time average output may form a symmetrical plasma beam in geometry about the dimension of the 
ion source again, the field revers^ thru/or changed periodically is used for this non-closedown hole 
current ion source. Especially in case this non-closedown hole-current ion source vapor-deposits 
DLC and Si-DLC coating on a large field and.a substrate, it is usefiil. 
[0028] 

When DLC or Si-DLC processing generates high insulating vacuimi evaporationo on the anode plate 
field of the hole-current ion source, it tums out that it is desirable to the source of a direct current 
that an electromagnet operates partially the current from the discharge current from an anode plate to 
self-self-sustaiiung cathode or the independent current source reversed thru/or changed periodically. 
However, the electromagnet found that it was possible to operate a hole current source by the stable 
approach of using a dc source by use df the processing conditions leading to insulation weak on an 
anode plate field, or conductive vacuum evaporationo, for example, acetylene precursive gas. 
[0029] 

By introducing completely partially precursive gas (having non-reacting maintenance gas or this 
[ no ]) into the anode plate discharge field of the hole-current ion source, at the rate of the range of 
about 200A from per [ 10 / about ] second It is the degree of hardness of the range of about 10 to 
about 40 GPa(s), and DLC coating can be vapor-deposited for the compression stress of the range of 
8GPa(s) from about 0.5. At moreover, the rate of the range of about 200A from per [ 5 / about ] 
second With the degree of hardness of the range of about 10 to about 40 GPa(s), it is the 
compression stress of the range of about 0.5 to 6GPa(s), and Si-DLC coating can be vapor-deposited 
by the silicon concentration of the range of about 2 to about 48 atoms %. Furthermore, vacuum 
evaporationo of DLC coating of the degree of hardness which uses various hydrocarbon distributed 
gas and is not expected less than with surprising low time average ion energy, i.e., 40eV, by 
actuation of the hole current ion source characteristic at high beam current density is possible. 
[0030] 

[Detailed description] 

Detailed explanation of the hole-current ion source of this invention, its actuation, and an operation 
gestalt are already explained to the U.S. patent application 08th of application / No. 901,036 on July 
25, 1997, and use this by reference on these specifications. Drawing 1 shows one axial syiiunetry 
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example of the hole-current ion source to specify. Equipment 10 consists of a base element of 
menopause way hole-current ion source equipment. The hole-current ion source 10 consists of an 
electric power supply means (not shown) to drive the separation electric power supply means (not 
shown) and anode plate 16 which supply the cathode aggregate 12, the keeper aggregate 13, the field 
circuit aggregate and an electromagnet 14, the anode plate aggregate 16, and an electrical potential 
difference, and drive the source 18 of cathode electron emission, and an electromagnet 14. The field 
circuit which serves as the water-cooled magnetic-core aggregate 20, a back plate 22, the external 
shell 24, and the external electrode plate 26 from the intemal pole piece 28 drives with the 
electromagnet 14 positioned in the center of the cylinder-like ion soiirce housing aggregate 10. 
Although a power feed tray supplies the combination of formation or this kind of voltage waveform 
for DC, AC, RF, and a pulse voltage waveform, DC and pulse-ized DC are used as usual. 
[0031] 

Non-MAG stainless steel and the anode plate aggregate 16 consist of a gap 34 specified by 
coincidence with the intemal anode plate ring 30, the external anode plate ring 32, and both the rings 
30 and 32, and the gas distribution manifold or the impregnation ring 40 supphed by gas supply 
Rhine 42 insulated electrically, some insufflation holes distribute gas to homogeneity from a 
manifold 40 in a gap 34 — as — dimension attachments — it **** and The anode plate 116 also 
contains two water-cooled channels. The anode aggregate 16 is insulated with the intemal insulating 
ring 48 generally made from an elevated-temperature ceramic from the magnetic-circuit aggregate 
by the external insulating member 50 while it is held by two circular arrays 44 of a fastener, for 
example, shoulder together. The anode plate aggregate 16 is being fixed to the flange 
aggregate 60 bottom by some fasteners 62 and insulating members 64. In order to carry out the seal 
of the acceleration chaimel 70, installation and finishing of the field between a pole piece 28, an 
insulating ring 48, and a ring 30 and between a pole piece 26, an insulating ring 50, and a ring 32 are 
fully performed, and prevent the distribution to the contrant region 80 of the ion source housing 10 
of the plasma. 
[0032] 

In the new mode of this hole-current ion source which offers characteristic capacity about ion beam 
vacuum evaporationo of DLC and Si-DLC coating Formation of (a) plasma beam, and anode plate 
discharge field for acceleration; 

(b) Anode plate which changed the seal into the insulating condition which prevents that the plasma 
is formed behind an anode plate; 

(c) Non-radiative cooling means for cooling an anode plate; 

(d) Self-self-sustaining cathode, i.e., cathode which has the independent power source,; 

(e) Electromagnet which operates partially at least with either the current which is the discharge 
current from an anode plate to self-self-sustaining cathode, or independent DC, and is reversed 
periodically, or the current from AC; 

(f) Gap in tiie anode plate which introduces plasma maintenance gas or working medium; 
[0033] 

It will depend and 25- Japanese-apply to Mahoney etc. in July, 1997, and the additional peculiar 
description, capacity, and the operation gestalt of the hole-current ion source are still explained by 
the U.S. patent application 08th under connection / No. 901,036. 
[0034] 

With ttie useful property of this hole-current ion source, vacuum evaporationo of Si-DLC coating 
from silicon content and carbon content precursive gas suits well wifli vacuum evaporationo of DLC 
coating from the precursive gas containing carbon again. Furthermore, it is thought that it is required 
for ion beam energy to compound hard [ DLC ] and Si-DLC coating substantially until now, and 
when reliance is also substantially low, the application brings a result of the unexpected high rate of 
vacuum evaporationo of DLC which is very hard, and Si-DLC coating. The average ion energy of 
the range of about 40 to lOOeV can become [ the ion beam DLC which has the degree-of-hardness 
value of the range of 40GPa(s) from about 10 by using this hole current ion source, and Si-DLC 
coating ] possible at the rate of vacuum evaporationo of the range of 200A from per [ 5 / about ] 
second. 
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[0035] 

It is mixed with the inert gas containing an argon, neon, helium, a xenon, kryptons, and these 
compounds although it is the shape of a linear like methane, ethane, ethylene, a butadiene, acetylene, 
a hexane, and a cyclohexane, and a cycle-like hydrocarbon compoimd although a precursive gas 
mixture object consists of a carbon content compoxmd and this mixture does not limit to this for 
vacuum evaporationo of DLC coating by the approach of this invention, and not limited to this. 
Furthemiore, although it does not limit to this in order to modify the property of a DLC film, the 
reactant gas containing hydrogen, nitrogen, a nitrogen content compound, fluorine content 
compounds, and these compounds is added to ion source distributed gas. 
[0036] 

In order to vapor-deposit Si-DLC coating by the approach of this invention, precursive distributed 
gas mixture is made fi'om sihcon content and a carbon content compound. Although these 
compounds are not limited to this, a silane compoimd like a silane and a disilane. And methylsilane, 
dimethylsilane, a trimethyl silane, a tetramethylsilane (TMS), Although these are not limited to this 
including an organic silane compoimd like dimethylsilane (DES) It is mixed with the hydrocarbon 
compound containing methane, ethane, ethylene, butane, a butadiene, a hexane, cyclohexanes, those 
mixture and an argon, helium, a xenon, KBPUTON, and inert gas like such mixture. Furthermore, 
although not limited to this, the reactant gas containing hydrogen, a nitrogen **** nitrogen content 
compound, fluorine content compounds, or such mixture corrects the property of Si-DLC coating 
which was added to the precursive gas stream and vapor-deposited. It is ttie important description to 
offer the silicon doping level under Si-DLC coating which silicon content precursive gas needs for 
obtaining the adhesive property which was introduced in the source of an ion beam and was 
excellent in Si-DLC coating of this invention, and the tribology-engine performance. 
[0037] 

Next, £q>plication to vacuum evaporationo of the high rate of DLC of a high degree of hardness and 
Si-DLC coating is explained in the hole-current ion source. Drawing 2 shows the menopause way 
hole-current ion source 100 accompanied by the same nominal anode plate diameter of 7.6cm as 
what was shown in drawing 1 . In drawing 2 , the ion source is attached and shown in the vacuum 
chamber 110. An attachment member can be made in the technique concerned with a well-known 
conventional vacuum flange or other well-known conventional attachment means (illustration 
abbreviation). The ion source 100 can be attached from the interior in the technique concemed again 
using a well-known attachment means in a vacuimi chamber (illustration abbreviation). Pump 
omission of the vacuum chamber 1 10 is carried out to low voltage from a pump 1 12 at less than 10 
mTorrs. The ion source is tumed to the substrate 120 which was supported by process FIKUCHA 
122 or was attached. Although not limited to this, plasma maintenance gas like the inert gas 
containing an argon, a krypton, and a xenon is introduced into the anode plate discharge field 70 
through an anode plate 124. The precursive gas for vacuum evaporationo of DLC or Si-DLC is 
separately introduced near the opening edge of an anode plate discharge field through a gas 
manifold, or one or the nozzle 130 beyond it together witii plasma maintenance gas through an anode 
plate. The electromagnet 140 of the hole-current ion source is the anode current lA from the power 
source 142 which supplies power to the self- self-sustaining cathode 143. Or it drives completely 
partially according to AC which became independent in order to form a field in the anode plate 
discharge field 70, as shown in drawing 2 as an option, or the DC current source 144. When AC 
electromagnet gestalt is used, the anode current and plate voltage are adjusted (modulation), next the 
beam current and average ion energy are adjusted. Under a general operating condition, rms (root 
mean square value) anode potential is in the range of 150V fix>m 50, and it is the rms anode current 

is in the range of 3 to 1 5 A. Generally the average beam energy by which the time average was 
carried out from this type of hole-ciurent ion source is 0.6 times from about 0.3 times of the rms 
value of anode^potential (or about 20 to lOOeV), and, generally the time average simi total beam 
current is 0.4 times from about 0.1 times of the anode plate discharge current lA (from about 0.3 A to 
or 7A). ' 
[0038] 

Furthermore, it may be used for the hole-current ion source exceeding one coating vacuum 
evaporationo. Drawing 3 has the same description as the thing of drawing 1 , and shows the two 
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hole-current ion sources 200 and 202 arranged in order to process the both-sides section of half- 
finished products 210. In this case, the hole-current ion source receives power independently by 
power sources 220 and 222, and has the self-self-siistaining cathode 230 and 232 of itself 
respectively. Furthermore, the electromagnets 240 and 242 of each ion source are driven by the 
separate AC power sources 244 and 246. It is advantageous to this bilateral type voice especially 
processing thru/or coating coincidence with a substrate thru/or the both sides of FIKUCHA 210. As 
an example of the profitableness of this gestalt, the coincidence DLC to the both sides of a magnetic 
disk and vacuum evaporationo of Si-DLC are raised. 
[0039] 

In the applicability of this invention, a substrate needs to consist of a metal, a semi-conductor, a 
ceramic, glass, polymers, or these things that were combined, may include the adhesion 
strengthening interlayer for DLC or Si-DLC coating, and does not need to include him. This kind of 
layer can be vapor-deposited with the conventional substitution means to the inside of a vacuiun 
chamber, or its exterior to these examples of application in which it asks for a glue line before 
vacuum evaporationo of hole-current ion source equipment, DLC, or Si-DLC coating. 
[0040] 

The process of vacuum evaporationo of DLC or Si-DLC coating is mainly controlled by combination 
of the ampere's tum in spacing of the source of (1), and a substrate and orientation, (2) anode 
currents, an electrical potential difference or power, (3) electromagnet current, or an electromagnet, 
(4) plasma maintenance gas stream, (5) precursive gas combination, and (6) precursive quantity of 
gas flow. Generally, the anode current and plate voltage have not been independent when the 
conventional hollow cathode electron source is used. However, the anode current and anode 
potential can be made to separate by using the hollow cathode electron source promoted with an 
elevated-temperature filament which was indicated by the FEDO sheave etc. It can be used for the 
electron emission from this type of cathode controlling plate voltage (power) by fixed anode current 
setting independently by controlling the impregnation to the anode plate discharge field of the 
cathode electron to the rate of charged particle generating in an anode plate discharge field. 
[0041] 
[Example] 

This example following below illustrates the process for vacuiun evaporationo of DLC and Si-DLC 
using the hole cim-ent ion source of this invention. These examples do not limit a claim only for the 
purpose of instantiation. 
[0042] 

The following operating conditions were set up in example A-E, or measurement was performed. 

(a) The hole current ion source similar to what was drawn on drawing 2 was fiilly dipped in the 
interior of the high vacuum vacuum evaporationo chamber using a diffusion pump. 

(b) The substrate and metallic disk like a silicon wafer were put on a predetermined distance fi"om 
ttie field of the ion source on a rotation plate or a fuselage so that it is rotated and carried in into an 
ion beam, predetermined carried out period quiescence and it was placed, and they might rotate and 
might subsequently be taken out firom an ion beam. During vacuum evaporationo, to . the shaft of the 
ion source, the sample side was perpendicular, and doubled the core and has been arranged. 

(c) Before the vacuum chamber started the vacuum evaporationo process, it was exhausted by the 
pressure of less than 10 to 5 Torrs. 

(d) The hollow cathode of the ion source was started and it was adjusted by the steady operation 
condition with the argon of about 15 sccm(s), and the about 1 to 3 A keeper anticathode current. 

(e) Gas was introduced into the ion source, and in order to perform PURIKURININGU on the fi-ont 
face of a sample (argon gas is used), the vacuum evaporationo between layers, DLC vacuum 
evaporationo, Si-DLC vacuum evaporationo, or its combination, ion source anode plate discharge 
was started. 

(f) At the time of completion of vacuum evaporationo, anode plate discharge and hollow cathode 
discharge stopped, the vacuum chamber pressiu'e rose to the atmospheric pressure, and DLC or the 
samples by which Si-DLC coating was carried out were collected. 

[0043] 

The thickness and the amoimt of vacuiun evaporationo of DLC and Si-DLC coating were determined 
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from the split-face measurement measurement carried out with a TencorP-lO split- face plan. Stress 
measurement was determined by the Frontier Semiconductor Measurements FSM 8800 membrane- 
stress measurement machine from the fihn on Si stress wafer with a diameter of 100mm. 
Measurement of a nano indentation degree of hardness was performed by Nano Instruments 
Inc.Nanoindenter n about DLC and Si-DLC coating of larger thickness than about 2500A. 
[0044] 

Example A It was used in order that the hole current ion source similar to what is shown in drawing 
i for the usual anode plate gap diameter of 7.6cm might vapor-deposit DLC coating. The electric 
power supply of the electromagnet of the ion source is carried out by the anode plate discharge 
current. About each examined process conditions, the silicon wafer substrate with a diameter of 
100mm was put on the location of 18cm from the ion source side. In front of before being 

rotated and carried in into the beam of the vacuum evaporationo ion source, spatter washing of the Si 
sample front face was carried out using the beam of the argon ion generated by the secondaiy ion 
source. 
[0045] 

DLC coating was vapor-deposited by operating the ion source with an argon and methane. Argon 
plasma maintenance gas was introduced through the anode plate gap of the ion source by the flow 
rate of about 20 to 40sccm(s). Methane precursive gas was introduced by the full flow of about 60 to 
lOOsccm(s), and was equally distributed to the surroundings of the outer diameter of an anode plate 
discharge field through the metal nozzle of four 0.64cm outer diameters arranged synmietrically in 
about 1cm place from the field of the ion source. 
[0046] 

Vaccimi pressure is in the range of 0.4 to 0.8mTorr(s) between DLC vacuum evaporationo 
processes, and the anode current is in the range of about 7 to 9 A, and plate voltage is about 120 to 
150 volts. The amoimt of average vacuimi evaporationo about DLC coating was ****(ed) [ that it is 
the range of per second 14 to 20 A, and ] by split- face measurement measurement. The compressive 
stress and the nano indentation degree of hardness of DLC coating were the range of about 12 to 
about 1 to 1.5x1010 dynes/cm2, and 14GPa(s), respectively. 
[0047] 

Example B It was used in order that the same hole cxirrent ion source as what was used for Example 
A might vapor-deposit DLC coating by operating the ion source with an argon and acetylene gas. 
However, in this example, the electric power supply of the electromagnet of the ion source was 
carried out by AC power source of supply. 
[0048] 

It preceded with vacuum evaporationo and the Si-DLC layer of 100 to 200A thickness was vapor- 
deposited as an interlayer for adhesion strengthening before vacuum evaporationo of high stress 
DLC coating of 2500 to 5000A thickness. It was vapor-deposited when the film of Si-DLC passed 
tetramethylsilane precursive gas through a nozzle. About flie DLC vacuum evaporationo process, 
argon plasma maintenance gas was introduced through the anode plate gap of the ion source by the 
flow rate of 15 to 25sccm(s), and acetylene precursive gas was introduced through the nozzle 
(plurality) by the full flow of 40 to 80sccm(s). 
[0049] 

Vaccum pressure is in the range of 0.4 to 0.8mTorr(s) between DLC vacuum evaporationo 
processes, and effective anode current level is in the range of about 5 to 1 1 A, and plate voltage is 
about 60 to 100 volts. It was shown by split-face measurement measurement that the range of the 
amoimt of average vacuum evaporationo about DLC coating is per second 8 to 23 A. The 
compressive stress and the nano indentation degree of hardness of DLC coating were the range of 
about 1 1 to about 0.4 to 3.8x1010 dynes/cm2, and 22GPa(s), respectively, 
[0050] 

Example C It was used in order to vapor-deposit DLC coating by operating the ion source for the 
same hole current ion source configuration as what was used in the Example A with an argon and 
1,3 -butadiene gas. The electric power supply of the electromagnet of the ion soiu^ce was carried out 
by AC power source of supply like Example B. 
[0051] 
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Moreover, the Si-DLC layer of 100 to 200A thickness was vapor-deposited as an interlayer for 
adhesion strengthening before vacuum evaporationo of high stress DLC coating like Example B. 
About the DLC vacuum evaporationo process, argon plasma maintenance gas was introduced 
through the anode plate gap of the ion source by the flow rate of 15 to 25sccm(s), and butadiene 
precursive gas was introduced through the nozzle (plurality) by the full flow of 30 to 60sccm(s). 
[0052] 

Vaccum pressure is in the range of 0.4 to 0.8mTorr(s) between DLC vacuxmi evaporationo 
processes, and effective anode current level is in the range of about 5 to 1 1 A, and plate voltage is 
about 60 to 100 volts. SpUt-face measurement measurement showed that the range of the amoimt of 
average vacuum evaporationo about DLC coating was per second 10 to 19A. The compressive stress 
and the nano indentation degree of hardness of DLC coating were the range of about 10 to about 0.7 
to 2.7x1010 dynes/cm2, and 18GPa(s), respectively. 
[0053] 

Example D It was used in order that the same hole current ion source as what was used for Example 
B might vapor-deposit DLC coating by operating the ion source with an argon and acetylene gas. 
However, in this example, Si wafer substrate was positioned by the distance of about 10cm and 
about 18cm from the field of the ion source. 
[0054] 

About the DLC vacuum evaporationo process, argon plasma maintenance gas was introduced 
through the anode plate gap of the ion source by the flow rate of 50sccm(s), and acetylene precursive 
gas was introduced through the nozzle by the fall flow of 10 to 80sccm(s). 
[0055] 

Vaccum pressure is in the range of 0.5 to 0.7mTorr(s) between DLC vacuum evaporationo 
processes, and effective anode current level is in the range of about 10 to 12 A, and plate voltage is 
about 60 to 100 volts. It carried out [ ** ] by split-face measurement measurement of the range of the 
amount of average vacuum evaporationo about DLC coating being per second 13 to 120 A. The 
compressive stress and the nano indentation degree of hardness of DLC coating were flie range of 
about 2 to about 0.3 to 4.5x1010 dynes/cm2, and 25GPa(s), respectively. 
[0056] 

The amount of DLC vacuum evaporationo and nano indentation degree of hardness as a fanction of 
the acetylene precursive quantity of gas flow (10 to 80sccm(s)) to the distance between the anode 
currents and 10cm ion source pair substrates (lOA and 12 A) are expressed to drawing 4 and drawing 
5 , respectively. 
[0057] 

Example E This example illustrates vacuimi evaporationo of a Si-DLC layer using the hole current 
ion source. In this example, the Si-DLC ingredient was used as an interlayer for adhesion 
strengthening between a substrate and the up coating layer of DLC. This multilayer coating tip 
process shows that thick DLC coating of a high adhesive property is obtained using the hole current 
ion soiu-ce, and that DLC coating has the compressive stress of the range of about 1x1010 to 4x1010 
dynes/cm2. 
[0058] 

It was used in order that the same hole current ion source as what was used for Example A might 
vapor-deposit Si-DLC and DLC coating by operating the ion source with an argon, a 
tetramethylsilane (TMS), and acetylene gas. Argon plasma maintenance gas was introduced through 
the anode plate gap of the vacuum evaporationo ion source during coating vacuum evaporationo, and 
precursive gas (TMS and acetylene) was introduced through the nozzle, as shown in Example A. The 
electric power supply of the electromagnet of the ion source was carried out by AC power source of 
supply. About each examined process conditions, the silicon wafer substrate with a diameter of 
100mm was put on the location of 18cm from the ion source side. Before vacuum evaporationo, 
before Si sample front face was rotated and carried in into the beam of the vacuiun evaporationo ion 
source, spatter washing of it was carried out by the secondary ion soiurce. 
[0059] 

Since three coating layers included multilayer DLC coating, it was vapor-deposited. (1) The up 
coating layer of between the second Si-DLC coating layers which have the low atom concentration 
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of (2) Si between the first Si-DLC coating layers with the highest atom concentration of Si, and (3) 
DLC. A certain coating was tried without the Si-DLC adhesion layer, namely, the step (3) was 
carried out. 
[0060] 

The flow rate of the TMS precursive gas which the flow rate of the argon plasma maintenance gas 
passing through an anode plate is 18sccm(s), and passes along a nozzle about the first Si-DLC 
coating layer was 7sccm(s). Vacuum chamber pressures were about 0.3 mTorr(s), and the range of 
the effective anode current was 9 to 11 A, and the range of effective plate voltage was about 80 to 90 
volts. The vacuimi evaporationo time amoimt about the first pass of Si-DLC was about 30 seconds. 
[0061] 

About the second Si-DLC coating layer, the flow rate of the argon plasma maintenance gas passing 
through an anode plate is 18sccm(s), and preclusive gas supply consisted of flow rate 60sccm of the 
flow rate 7sccm plus acetylene of TMS. The vacuimi chamber pressures were 0.7mTorr(s), and the 
range of the effective anode current was 9 to 1 1 A, and the range of effective plate voltage was about 
70 to 80 volts. The vacuum ev^orationo time amount about the first pass of Si-DLC was about 15 
seconds. 
[0062] 

The flow rate of the argon plasma maintenance gas which passes along an anode plate about a DLC 
up layer was 18sccm(s), and precursive gas supply was 60sccm(s) of acetylene. Vacuum chamber 
pressures were about 0.4 mTorr(s), and the range of the effective anode current was 9 to 1 1 A, and 
the range of effective plate voltage was about 80 to 90 volts. The vacuum evaporationo time amount 
about the first pass of Si-DLC was about 140 seconds. 
[0063] 

The step (3) was prepared, namely, DLC coating without between Si-DLC layers did not adhere well 
to the silicon substrate so that it might be shown by a tape tension desiccation adhesion trial and 
isopropyl alcohol wiping trial, the fact — before the area of coating of these removed the sample 
fi-om the vacuum chamber, it was begun to delaminate it However, all coatings therefore prepared by 
(3) fi-om the step (1) passed the tape tension about adhesion, and an isopropyl alcohol wiping trial. In 
split-face measurement measurement, the range of the amount of average vacuum evaporationo of 
compound DLC coating was per second 12 to 18 A. 
[0064] 

Example F This example shows vacuum evaporationo of the monolayer of Si-DLC which uses the 
hole current ion soxu-ce. In this case, the property required of coating is given only by Si-DLC 
coating, needing vacumn evaporationo of the up layer of DLC. It was used in order that the same 
hole current ion source as what is used for Example B might vapor-deposit Si-DLC coating by 
operating the ion source with an argoii and TMS gas. However, in this example. Si wafer substrate 
with a diameter of 100mm was positioned by the distance of about 10cm fi-om the field of the ion 
source. 
[0065] 

Before vacuum evaporationo, spatter washing of the Si sample front face was carried out in the hole 
current ion soiu-ce operated only based on argon gas by the argon ion beam etching which uses the 
vacuum evaporationo ion soiu^ce. 
[0066] 

About the Si-DLC vacumn evaporationo process, argon plasma maintenance gas was introduced 
through the anode plate gap of the ion source by the flow rate of SOsccm, and TMS precursive gas 
was introduced through the nozzle by the full flow of 7sccm(s). Vacuum chamber pressures were 
about 0.5 mTorr(s), the effective anode current was in the range of about 7 to lOA, and the range of 
this effective plate voltage was about 50 to 75 volts. The vacuum evaporationo time amoimt about 
Si-DLC coating was the range for about 240 to 300 seconds. 
[0067] 

As for split-face measurement measurement of Si-DLC coating, the amoimt of average vacuum 
evaporationo showed the coating thickness of the range of 1900 to 2100A in per second 12 to 16 A. 
The compressive stress and the nano indentation degree of hardness of Si-DLC coating were the 
range of about 17 to about 2.0 to 2.3x1010 dynes/cm2, and 18GPa(s) about the studied conditions. 
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respectively. 
[0068] 

Example G-K expresses a series of experimental results used in order to generate DLC coating for 
application to the magnetic hard disk with which the closing drift hole cxirrent ion source of this 
invention is used for magnetic data storage. It means that these examples can vapor-deposit very thin 
protection DLC coating in which the process of this invention has the tribology-property which stood 
high on the front face of a magnetic hard disk. 
[0069] 

Example L proves the example which uses the closing drift hole current ion source of this invention 

and which generates DLC coating of a high degree of hardness very much. 

[0070] 

Example M proves another example of this invention used in order that the non-closed down drift 
hole current ion source of this invention which has the anode plate channel of a rectangle cross 
section may vapor-deposit DLC coating. This ion source configuration is suitable for vacuum 
evaporationo of DLC coating on the magnetic hard disk in the big in-line vacuum evaporationo 
system by which the big pallet of a disk passes through the front face of the ion source continuously 
in it. The ion source is suitable also for vacuum evaporationo of DLC to a plastics, glass, metal, or 
large area substrate top like other big substrates, and Si-DLC. 
[0071] 

An example shows that the process of this invention can vapor-deposit DLC coating on a magnetic 
hard disk further in the amount of high vacuum evaporationo which is suitable for mass production 
in the two modes. Coating of the substrate is carried out in the "pass motorcycle vacuum 
evaporationo mode" shown in Example I, passing continuously the carbon content plasma ion beam 
generated by operating the hole cxirrent ion source succeedingly. Or in the so-called "pulse type 
****** mode" shown in Examples H and J, while sequential migration of them is carried out in the 
front face of the ion source, coating of each substrate is carried out one [ at a time ]. After, as for 
vacuum evaporationo flux, a substrate is positioned at the front face of the ion source in this pulse 
type ****** mode, pulse starting is carried out, a pulse halt is carried out after vacuum evaporationo 
of the suitable thickness of DLC coating, and, subsequently a substrate is removed from a DLC 
vacuum evaporationo zone. 
[0072] 

Since the process of this invention about use of the ion source and vacuum evaporationo of DLC in 
the so-called "**" single disk processing system for magnetic hard disk manufacture and Si-DLC 
coating of actuation in this pulse-ized mode becomes possible by that cause, it is industrially 
important. This DLC and the pulse-ized vacuum evaporationo mode for Si-DLC could be used for 
other important industrial thin-film-processing facilities like the cluster tool for wafer processing in 
electronics industry. 
[0073] 

In Examples G, H, I, and J, the precursive gas stream was introduced into the plasma beam in the 
front face of the ion source through the nozzle made from a metallic conduit. Three nozzle 
configurations were used in the experiment. With the first nozzle configuration, four nozzle tubing 
which was turned to the flat surface parallel to the field of the ion soiu-ce, and was tumed to the 
about 0.25 inch lower stream of a river was used. The nozzle received mutually, was tumed to 90 
degrees, and was tumed to the radial inside toward the core of the ion source, the edge of each 
nozzle was boiled and positioned from the outer diameter of an annular anode plate channel at the 
place of about 0.25 inches. This location is described as a "IN" location in the following data table 1- 
4. The second nozzle configuration was the same as the first nozzle configuration except for the 
point that each nozzle edge was positioned by about 1 inch from the outer diameter of an annular 
anode plate channel. The following data table 1-5 is describing this location as a "OUT" location. 
The third nozzle configuration was the same as that of the first except for the point tumed so that a 
nozzle might cross a discharge zone in the direction which meets the tangent to the circle describing 
the core of an annular anode plate and might emit the flow of precursive gas to it. Table 1 is 
describing this location as a "SIDE" location, all an experiment of these — setting ~ a hydrocarbon 
precursive gas stream — between each of four nozzles — it is — etc. — it spreads — it was divided. 
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[0074] 

Before a vacuum chamber started a DLC vacuum evaporationo process, it was reduced by 

abbreviation lxlO-5Torr with the pimip. 

[0075] 

With the magnitude of available pump capacity, and the desirable amoimt of vacuum evaporationo, 
the precursive gas stream of the range of about 2 to about 500 sccm(s) can be used with the ion 
source of Example B. A higher precursive gas stream increases the background pressure in a vacuum 
evaporationo chamber. According to bigger pimip cqjacity, it becomes usable [ a bigger gas 
stream ], maintaining total pressure under to the desirable maximum pressure of about 10mm Torr. 
[0076] 

Argon plasma maintenance gas was supplied through the ion source about all vacuiun evaporationo 
processes. The simi total of an argon style and a hydrocarbon precursive gas stream was determined 
as it is required to exceed about 35 sccm(s) for the optimal actuation of the specific ion source used 
for Examples G, H, I, and J. This minimum style is dependent on the background pressure controlled 
by the ion source operation parameter and pump capacity. 
[0077] 

The vacuum chamber pressure imder DLC vacuum evaporationo was measured with the capacitance 
pressure gage. When tfie ion source plasma is intercepted, about 5mm Torr is high and, as for the 
indicated pressure force shown in the data table 1-4, shows the remarkable consimiption of 
hydrocarbon precursive gas according to a vacuum evaporationo process. Although the vacuirai 
evaporationo chamber used for the experiment has the capacity to extract the rate of a high vacuum 
pump and is whenever [ same gas flow rate ], the comparison of the result obtained by different 
chamber pressure is enabled. 
[0078] 

The vacuum evaporationo trial was performed using the anode ciirrent (ion source plasma discharge 
current) with the range smaller than all the operating range of the ion source. As for the anode plate 
power source of supply, plate voltage operated by the current control mode which is stabilized to the 
value demanded in order to attain a desirable anode current setup automatically. The plate voltage 
obtained about a specific anode current setup was the function of the field of a quantity of gas flow, a 
chamber pressure, a nozzle location, and the plasma field of the ion source and the geometry of the 
ion source, a substrate, and a vacuum chamber. 
[0079] 

Induction of the field inside the ion source is carried out by the electromagnet operated by 

independent 60HzAC current source of supply. 

[0080] 

Examples G, H, I, and J used the following range of the process parameter for vacuum evaporationo 
of DLC coating. 

(a) five — from — 12 ~ A ~ the anode current — (~ b ~) ~ 51 ~ fi-om — 97 — a volt ~ plate voltage — 
c — 0.29 ~ fi'om ~ 1 .43 — mm — Torr — a chamber — a pressure — (— d — ) — 0.8 — fi-om ~ ten 
~ A — an electromagnet ~ a current — (— e — ) — 16 — fi"om 260 — a gauss — a field ~ (— f — ) — 20 
— fi-om — 60 — sccm(s) — a hydrocarbon ~ precursive — a quantity of gas flow — (~ g — ) — 1 1 ~ 
firom — 140 sccm(s) ~ an argon — the plasma ~ maintenance — a quantity of gas flow — (— h ~) — 
four — fi'om — 14 — an inch — tiie ion source ~ a fi-ont face — a substrate — between — distance . 
It should note that the range of the processing parameter used for these examples is smaller than all 
the operating ranges of the hole current ion source of this invention. 
[0081] 

The range of the thickness with ion beam vacuum evaporationo DLC coating desirable about actual 
use with high density magnetic storage is about 20 to lOOA. However, the thickness of DLC coating 
on a magnetic disk was often thickly made by even about 800 A, maintaining good adhesion of DLC 
coating in a magnetic-disk substrate, in order to make characterization of the Raman spectroscopy of 
a DLC ingredient easy. DLC coating which has the thickness to 7100A was vapor-deposited on the 
silicon wafer for measurement of a mechanical property like compressive stress and a nano 
indentation degree of hardness. 
[0082] 
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In Examples G and H, vapor-deposited DLC coating was characterized according to the Raman G 
peak location exceeding the nano indentation degree of hardness exceeding 10GPa(s), the 
compressive stress exceeding O.SGPa, and 1 500cm- 1, and the Raman background (luminescence) 
inclination exceeding 1 generally. 
[0083] 

In Examples I, J, and K, thin DLC coating on a magnetic disk was examined about the tribology- 
engine performance using the industrial standard contact start stop (CSS) trial. The film of lubricant 
was attached to the disk fi-ont face by which the DLC coat was carried out before the CSS trial. The 
CSS test condition of two types was adopted. The first test condition used 50% of ambient 
conditions fi-om 25 degrees C fi"om the room temperature of about 20 degrees C, and 30% of relative 
humidity. The conditions of 55 degrees C known, i.e., the temperature which rose, and 5% of relative 
humidity were used for being very cruel about CSS trial magnetron sputtering carbon coating of the 
second type. Coefficient of fiiction of DLC coating was measured before and after each trial. 
[0084] 

Industrial standard magnetron sputtering carbon coating of the thickness of the range of about 50A 
going wrong in ambient conditions under at a 10,000 times CSS cycle generally, and never 
continuiiig exceeding a CSS cycle in ambient conditions 20,000 times is recognized widely. 
Moreover, it is recognized that the engine performance of industrial standard magnetron sputtering 
carbon coating is also far bad imder the CSS test condition of the temperature which rose rather than 
the bottom of a perimeter CSS test condition, and the reduced relative humidity. 
[0085] 

based on the known engine performance of magnetron sputtering carbon coating, 50A thickness ion 
beam DLC coating exceeds far a 20,000 times CSS cycle and the thing which passes a CSS cycle 
10,000 times in the temperature which rose, and the reduced relative humidity and which will have 
been attained with spatter carbon if it becomes in ambient conditions — or it does not expect — ** — 
the thing for which flie remarkable engine performance is verified that it would come out was 
determined, therefore, the CSS trial about ion beam DLC coating — the time of failure — or it sets up 
so that it may stop in ambient conditions at the time of a 20,000 times CSS trial cycle ~ having ~ 
and the time of failure ~ or it was set up so that it might stop in the temperature and the low 
humidity conditions of having gone up, at the time of a 10,000 times CSS trial cycle. 
[0086] 

Example G DLC coating was vapor-deposited on the silicon wafer and the magnetic hard disk by the 
hole ciurent ion source of Example B as hydrocarbon precursive gas using acetylene or 1,3- 
butadiene. The matrix of vacuum evaporationo enforcement was designed in order to inspect the 
effectiveness of an ion soxu^ce process parameter over the DLC material property acquired. The 
thickness of DLC coating was chosen so that it might be the range of about 2700 to the optimal 
7 100 A for characterization of a mechanical property like compressive stress and a nano indentation 
degree of hardness. 
[0087] 

In these experiments, the substrate to 12 containing a silicon wafer with a diameter of 4 inches and a 
magnetic hard disk with a diameter of 95mm was carried in the pivotable fastener of the vacuum 
chamber inside. The firont face of a magnetic-disk substrate was a magnetic-recording alloy with 
which carbon coating is not performed. The coat of each substrate was separately carried out on 
specific vacumn evaporationo conditions. 
[0088] 

In the adjustment position which does not have a substrate in the fi-ont face of the ion source, the ion 
source plasma was first stabilized by actuation only by argon gas plasma maintenance gas for several 
minutes. Subsequently, the first substrate was moved to the fi-ont location of the ion source, and for 
about 10 seconds to 20 seconds, in order to carry out sputtering etch of the fi-ont face, it was exposed 
to the argon ion beam. Subsequently, hydrocarbon precursive gas was added and the ion source 
parameter was adjusted by desirable setup for vacuum evaporationo of DLC. In order to attain the 
value of the last thickness subsequently to Tables 1 and 2 shown, crossing a DLC vacumn 
evaporationo process to the time amount for 20 minutes was continued fi'om 15 seconds. 
[0089] 
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After completion of the DLC vacuimi evaporationo about the first substrate, while the ion beam had 
remained the substrate, precursive gas is still flowing, namely, in the condition that the ion source 
has still vapor-deposited DLC It rotated and took out besides the ion beam (when an ion beam has a 
substrate in the front face of the ion source, it is never started or stopped, namely, it should note that 
a substrate is continuously put to an ion beam when it is in the front face of the ion source). 
Subsequently, the preciirsive gas stream was intercepted, and reestabUshment of the argon ion beam 
was carried out, without intercepting the ion source plasma. Subsequently, the following substrate 
was rotated and carried in into the argon ion beam, and sputter etching and said process step for DLC 
vacuum evaporationo were repeated. 



The result of the DLC vacuimi evaporationo enforcement by 1,3 -butadiene precursive gas and 
acetylene precursive gas is summarized in the following table 2, respectively. All DLC coatings of 
Tables 1 and 2 were vapor-deposited on the silicon wafer substrate except for enforcement #396-8 
(Table 1) whose a substrate is a magnetic disk. 



The process of this invention that the result of Table 1 uses 1,3-butadiene precursive gas is the 
amoimt of vacuum evaporationo to 47A/s at least, and can vapor-deposit DLC coating by the degree 
of hardness to 22.5GPa(s) at least. The process of this invention of using acetylene precursive gas is 
the amount of vacuum evaporationo to 35A/s at least, and the result of Table 2 shows that DLC 
coating can be vapor-deposited by the. degree of hardness to 26.6GPa(s) at least. The amount of 
vacuum evaporationo will become still larger, if the distance between the ion source and a substrate 
is reduced further or the hydrocarbon precursive gas of more flow rates is used (refer to drawing 4 ). 
Since the attained amount of vacuum evaporationo was enough to produce coating of a magnetic 
disk, about more amounts of vacuum evaporationo, it was not investigated by the trial matrix of 



[0090] 



[0091] 



Table 1. 
[0092] 
[Table 1] 
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[0093] 
[Table 2] 
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[0094] 

Notes A about upper lower Tables 3, 4, 5, and 6 [ 1, 2, and ] (I) = anode current (ampere) 

A (V) = plate voltage (bolt) 

M (I) = electromagnet current (ampere) 

Pres. = chamber pressure (milli Torr) 

B fld. = field (gauss) 

HC = hydrocarbon precursor flow rate (seem) 

Ar = argon plasma maintenance quantity of gas flow (seem) 

Cnfg. = nozzle configuration Dist. Distance Thk. between = ion source and a substrate =DLC 
coating thickness (A) 

Gpk. = Raman G peak location (the wave nimiber, cm-1) 

Slope = Raman luminescence inclination Stress = compressive stress (GPa) 

Hard. = nano indentation degree of hardness (GPa) 
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Rate = the amount of DLC vacuum evaporationo (A/second) 

* = substrate was a magnetic disk. 

[0095] 

example H although it was used in order that the same ion source as what was used in Example G 
might vapor-deposit DLC coating, pass the pulse-ized vacuum evaporationo mode in which the 
carbon content vacuum evaporationo flux between vacuimi evaporationo is opened and closed 
repeatedly ~ it came out. Carbon content vacumn evaporationo flux was opened and closed in pulse 
by either by always carrying out the pulse drive of carrying out the pulse drive of the (i) anode plate 
power source of supply by the argon plasma maintenance gas and hydrocarbon precursive gas which 
flow continuously, or the (ii) hydrocarbon precursive gas stream by the plasma maintenance gas 
which flows continuously, and turning ON an anode plate power source of supply. 
[0096] 

The vacuimi evaporationo enforcement simimarized in Table 3 used the following process parameter 
for vacuum evaporationo of DLC coating. 

(a) six — A — an electromagnet — a current — (~ b — ) ~ 120 ~ a gauss — a field ~ (~ c — ) — IN ~ a 
location — it can set — a nozzle — a configuration — (— d — ) ~ a hydrocarbon — precursive — gas — 
****** — acetylene — (— e — ) — five — a second — between — a pulse — like — close — carrying out - 
- subsequently — five — a second ~ between — a pulse — like — off ~ carrying out — vacuum 
evaporationo — (— f — ) — seven — an inch — the ion soxurce ~ a substrate — between — distance . 
[0097] 

For the vacuum evaporationo enforcement on a silicon wafer substrate, thickness of DLC coating 
was made into the range of about 3500 to 6100A, and characterization of a mechanical property like 
compressive stress and a nano indentation degree of hardness was made possible. The range of the 
thickness of DLC coating in the vacuum evaporationo enforcement on a magnetic-disk wafer was 
about 400 to 800 A, and it was chosen for the ease of Raman spectroscopy characterization of a DLC 
ingredient, maintaining good adhesion of DLC coating in a magnetic-disk substrate. 
[0098] 

With reference to following Table 3, except for process time amount, since the ingredient-property 
of DLC in the enforcement 416-8 on a disk substrate was the same, enforcement conditions are 
presumed to be the same as them of the enforcement 416-6 on a silicon wafer substrate for it. 
Furthermore, except for process time amount, since the material property of DLC in the enforcement 
416-12 on a disk substrate was the same, enforcement conditions are presumed to be the same as 
them of the enforcement 416-10 on a silicon wafer substrate for it. However, since the vacuum 
evaporationo time amoxmt on a silicon substrate became long to the vacuum evaporationo time 
amount about a magnetic-disk substrate, it is pointed out that wafer substrate temperature will 
become probably more high, and that will result in change of the some of a material property. 
[0099] 
[Table 3] 
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[0100] 

Generating DLC coating equipped with a remarkable property [ like a degree of hardness and the 
amount of high vacuum evaporationo ] whose law is which pulse-izes vacuum evaporation© flux was 
both discovered so that it might be shown by the result expressed to Table 3. Although the easiest 
approach for actuation of the ion source in the pulse-ized vacuimi evaporationo mode for disk 
coatings is generally because hydrocarbon precursive gas is pulse-ized, it is possible also by pulse- 
izing an anode plate (plasma) power source of supply. When the ion source of this invention was in 
the range where especially a vacuum chamber pressure is larger than about 0.8mm Torr or it, it was 
foimd out that change of tiie discharge conditions in pulse-ized precursive gas mode operates it in the 
minimum mode stabiUzed very much. Pulse-izing precursive gas tends to generate harder DLC 
coating again rather than it pulse-izes a plasma power source of supply. About the vacuimi 
evaporationo approach generally described by Example G and Example H, the DLC degree of 
hardness generated by the pulse-ized anode current approach was partly lower than what is obtained 
by consecutive operation, and it was partly found out rather than that from which the DLC degree of 
hardness generated by the pulse-ized precursive gas approach is obtained by consecutive operation 
that it is high. Refer to the enforcement 418-2 of Table 2, the enforcement 418-6 of Table 3, and 
4 1 8- 1 0 by reference. 
[0101] 

Example I DLC coating of the thickness of the range of about 50 to 70A was vapor-deposited on the 
magnetic hard disk with a diameter of 95mm in pass motorcycle vacuum evaporationo mode using 
the substrate installation configuration of the ion source and Example G. The substrate was prepared 
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except for being intercepted before prpcessing applies standard magnetron sputtering carbon 
finishing according to the manufacture process of the criterion used in order to manufacture the hard 
disk for commerce. 
[0102] 

The multiplex magnetic disk was attached on the rotation fastener, and the coat was carried out by 
DLC in pass BAIMODO through the following treatment. In the adjustment position which does not 
have a substrate in the fi-ont face of the ion source, the ion source plasma and an ion beam were first 
stabiUzed by actuation only by argon gas plasma maintenance gas. Subsequently, rotation of a 
fastener was started, and the disk passed the ion source and was moved continuously. If the 
predetermined coimt ion source is passed in order to complete the sputter etching process for 
removing the contaminant of the fi-ont face where each disk once remains, and activating a front 
face, as the adjustment position which does not contain a disk substrate is above the ion source, 
rotation will stop. Subsequently, hydrocarbon precursive gas is introduced in the ion source, and an 
ion source parameter is stabilized. Once an ion source parameter is stable, rotation of a substrate 
fastener will be resumed and a disk substrate will receive DLC coating. Desirable DLC thickness is 
obtained by passing the ion source a circled part of the count of predetermined, and rotating a 
substrate. 
[0103] 

The DLC vacuum evaporationo enforcement summarized in following Table 4 used 1,3 -butadiene as 
hydrocarbon precursive gas. The distance between the ion source and a disk substrate was 7 inches. 
[0104] 

The disk received the treatment step after standard vacuxun evaporationo of ****** and rubbing after 
application of DLC coating. The selected disk was examined in order to verify the engine 
performance of these super-thin DLC coatings of this invention. All the disks by which the coat was 
carried out by each of the enforcement summarized in the following table 4 passed CSS 10,000 times 
under the temperature, for example, 55 degrees C, which rose in 20,000 times CSS in ambient 
conditions, and a list, and low himiidity, for example, 5% of severe condition, and showed the 
remarkable engine performance. The engine performance of these disks in which the coat of the 
about 50 to 70A DLC was therefore carried out was very excellent to what is obtained by magnetron 
sputtering carbon finishing. [ by the process of this invention ] Moreover, although the heterogeneity 
of the thickness of these DLC coatings was better than **5% or it, this is very excellent, and agreed 
on the criteria for protection finishing on a magnetic hard disk, or is over it. 
[0105] 
[Table 4] 
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[0106] 

Example J Although DLC coating of the thickness of the range of about 50 to 70A was vapor- 
deposited on the magnetic hard disk with a diameter of 95mm described by Example I, vacuimi 
evaporationo was performed in pulse-ized quiescence mode. 
[0107] 

Although there was a disk which lapped with a large number carried on the fastener in each 
enforcement, the coat of each disk under each enforcement was carried out one by one in the pulse- 
ized mode. Two different processes in the pulse-ized mode were examined. 
[0108] 

In the first pulse-ized mode process (the enforcement 426, 428, and 431 of following Table 5, 433 
reference), it was driven and stopped by DLC vacuum evaporationo only by pulse-izing a precursive 
gas stream with the condition that the ion source is operating with argon plasma maintenance gas. In 
the adjustment position which does not have a substrate in the fi-ont face of the ion source, the ion 
source plasma and an ion beam were first stabilized by actuation only by argon gas plasma 
maintenance gas. Subsequently, the disk substrate rotated in the location of the firont face of the ion 
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source. Next, hydrocarbon precursive gas was pulse-ized and it changed only sufficient time amount 
to vapor-deposit DLC coating by the target thickness for 50A to 70A into the condition. The 
precursive gas stream was intercepted after completion of this vacuum ev^orationo time amount. 
Subsequently, the disk was moved to the location distant firom the ion source. The same process as 
the above was continued on other substrates. 
[0109] 

In the second pulse-ized mode process (the enforcement 427, 429, and 432 of the following table 5, 
434 reference), although DLC vacuum evaporationo was driven only by pulse-izing a precursive gas 
stream with the condition that the ion source is operating with argon plasma maintenance gas, in 
order to erase the ion source plasma, it was stopped by vacuum ev^orationo by intercepting an 
anode plate power source of supply. In the adjustment position which does not have a substrate in the 
front face of the ion source, the ion source plasma and an ion beam were first stabilized by actuation 
only by argon gas plasma maintenance gas. Subsequently, the disk substrate rotated in the location of 
the front face of the ion source. Next, hydrocarbon precursive gas was pulse-ized and it changed only 
sufficient time amoimt to vapor-deposit DLC coating by the target thickness for 50A to 70A into the 
condition. After completion of this vacuum evaporationo time amoimt, the anode plate power source 
of supply was intercepted in order to erase the ion source plasma and an ion beam. Subsequently, the 
disk was moved to the location distant from the ion source. The ion source was re-driven on argon 
plasma maintenance gas as mentioned above, and the process was continued on other substrates. 
[0110] 

The DLC vacuum evaporationo enforcement summarized in following Table 5 used 1,3 -butadiene as 
hydrocarbon precursive gas. The distance between the ion source and a disk substrate was 7 inches. 
[0111] 

The disk received the treatment step after standard vacuum evaporationo of ****** and rubbing after 
application of DLC coating. The disk by which the coat was carried out by each of the enforcement 
summarized in Table 5 passed CSS 10,000 times under the severe conditions of high temperature 
and low humidity by 20,000 times CSS in ambient conditions, and the list, and showed the 
remarkable engine performance. In Example I, it was found out similarly that the engine 
performance of these disks in which the coat of the about 50 to 70A DLC was therefore carried out is 
very excellent to what is obtained by magnetron sputtering carbon finishing of the same thickness. 
[ by the process of this invention ] 
[0112] 
[Table 5] 
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[0113] 

Notes of the addition to Table 5 The approach of the formation of an ode= pulse ur= pulse-ized 
anode current mode G= pulse-ized precursive gas mode as= hydrocarbon precursive gas = acetylene 
= 1,3-butadiene [0114] 

Example K It was used in order that the ion source used for Example G and the same closing drift 
hole current ion source might vapor-deposit DLC coating as a protective layer on a magnetic disk 
using the full automatic manufacture process in an Intevac MDP-250B production magnetic-disk 
coating system. As shown in drawing 2 , flange loading of the ion source was carried out. It sets in a 
standard configuration and is Intevac. The MDP-250B system used three separation chamber 
stations, in order to vapor-deposit magnetron sputtering carbon finishing as a protective layer on a 
magnetic disk, while a magnetic disk passes a machine. Each station contained two confi-ontation 
magnetron cadiode constituted so that, the coat of both sides of each magnetic disk might be carried 
out to coincidence. It was required in order that three spatter vacuum evaporationo stations might 
satisfy the high throughput demand of a machine with the amount of low vacuum evaporationo of 
magnetron sputtering carbon. 
[0115] 

The source of magnetron sputtering and the related exchange facility were removed fi-om three 
stations on a machine. At one station, it was carried instead of the two flange loading hole ciurent 
ion sources of this invention being sources of magnetron sputtering, and became a configuration like 
drawing 3 , and, as a result, the coat of the both-sides side of a disk was carried out to coincidence by 
the ion beam DLC. This station was changed so that the additional port which carries out a pumping 
with a 20001. [/second ] turbine pump again might be added. 
[0116] 

All disk coating processes contained the following. Namely, the thing loaded with the cassette of the 
disk which goes into the first of 12 process station one by one through a load lock, b) Migration of a 
disk to the station where a disk is heated, migration of a disk to the station where c metal seed layer 
is vapor-deposited by magnetron sputtering, d) Migration of a disk to the station where a magnetic 
storage layer is vapor-deposited by magnetron sputtering, e) It lets another load lock to migration of 
a disk to the station where an ion beam DLC is vapor-deposited using the process of this invention, 
and f cassette loading pass, and is migration of a disk to an outlet station. 
[0117] 

Argon plasma maintenance gas was continuously passed through the ion source between all process 
cycles between ion beam DLC processes, and all these process cycles came out of the disk migration 
to a DLC coating station fi^om the station of (1) point, (2) DLC vacuum evaporationo, and (3) DLC 
station, and included disk migration to the next station. When a disk is isolated fi-om the station of 
the remainder [ station / disk vacuum evaporationo station ****** and / DLC ], in order that DLC 
vacuum evaporationo may attain desirable DLC coating thickness, it lets the nozzle of the fi'ont face 
of the predetermined time ion source pass, and it is C2H2. It has carried out by passing gas. Except 
for few cases when argon plasma maintenance gas falling a little again, when C2H2 were introduced, 
it did not succeed in the adjustment to others and an ion source parameter. This process is as 
essentially as the "first pulse-ized mode process" equivalent, as described by Example J. 
[0118] 

DLC coating was vapor-deposited on the disk for a CSS trial which uses the following conditions 
about each ion source. Namely, the fi'om glO to the a8 A anode current, a b2 to 6 A electromagnet 
current, a c40 to 120 gauss field, the atetylene precursor flow rate of d30 to 40sccm(s), the argon 
plasma maintenance quantity of gas flow of e7 to 25sccm(s), the chamber pressure between vacuum 
evaporationo of fl.l to 1.7mm Torr, and the amount of 21 A [/second ] DLC vacuum evaporationo. 
[0119] 

The magnetic disk by which the coat was carried out by the 50A ion beam DLC made under eight 
different conditions in the limitation of these range and within the limits passed CSS 10,000 times 
under the temperature, for example, 55 degrees C, which rose in 20,000 times CSS in ambient 
conditions, and a list, respectively, and low humidity, for example, 5% of severe condition, and 
showed the remarkable engine performance. 
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[0120] 

In order to measure the degree of hardness of DLC coating made by this approach, except for the 
point that 4000A thickness DLC coating preceded with DLC coating, and heating and a metal layer 
process were not performed, it was vapor-deposited on the silicon substrate in the same process as 
what was used about the magnetic disk. DLC coating was vapor-deposited about each source using 
the following conditions. Namely, the a2 to 15A anode current, a b2 to 8.5 A electromagnet current, a 
c45 to 250 gauss field, the acetylene precursive quantity of gas flow of dl5 to 45sccm(s), the argon 
plasma maintenance quantity of gas flow of el2 to 63sccm(s), the chamber pressure between 
vacuum evaporationo of fl .6 to 4.1mm Torr The nano indentation degree of hardness of the obtained 
DLC fihn was the range of 1 1 to 17GPa(s). 
[0121] 

Example L It was used in order that the same hole current ion source as what was used for Example 
A might vapor-deposit DLC coating by operating the ion source with an argon and acetylene gas. 
However, in this example, the electric power supply of the anode plate and electromagnet of the ion 
source was carried out by separate DC power source of supply. A vacuum evaporationo condition 
and its result are submitted to Table 6. The DLC vacuum evaporationo enforcement summarized in 
Table 6 used the acetylene as hydrocarbon precursive gas, and the nozzle configuration in IN 
location, and was altogether performed on the silicon wafer substrate. 
[0122] 

The process of this invention that the result of following Table 6 uses separate DC power source of 
supply for the object for anode plates and the object for electromagnets of the ion source is the 
amount of vacuum evaporationo to 23A/s at least, and it is indicated that a degree of hardness can 
vapor-deposit to to 29.8GPa(s), and compressive stress at least can vapor-deposit DLC coating to 
6.2GPa(s) at least. The amount of vacuiun evaporationo will become still larger, if the distance 
between the ion source and a substrate decreases to less than 7 inches, or if the hydrocarbon 
precursive gas of more flow rates is used (refer to drawing 4 ). 
[0123] 
[Table 6] 
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[0124] 
[Table 7] 
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[0125] 

Example M It was used in order that the non-closed down drift hole current ion source with the same 
straight- line anode plate configuration as drawing 4 A of United States patent application 
No.08/90 1,036 under examination of Mahoney others might vapor-deposit DLC coating. The anode 
plate channel of the anode plate was 0,5 inches in a depth of about 0.5 inches, and width of face by 
die length of about 30 inches. It was used in order to carry out induction of the field which crosses an 
anode plate between two magnetic poles which 28 electromagnet coils operated with AC current of 
60 cycles elongate along with the both sides of an anode plate. The edge of an anode plate channel 
was stopped by the insulating material. Argon plasma maintenance gas is supplied fi*om the back of 
the ion source, and it comes out through the anode plate gap of shade along with the center line of an 
anode plate. It was used in order to supply an electron so that two hollow cathode electron sources 
carried near the edge of an anode plate may maintain the plasma. Acetylene precursive gas was 
introduced into DLC vacuum evaporationo into the ion beam through four nozzles carried along with 
the die length of an anode plate channel, each nozzle — the flow of precursive gas — the long 
dimension of an anode plate — abbreviation ~ the perpendicular ion beam was crossed and drawn. 
The nozzle was detached 7 inches of abbreviation, and was carried, and was put on the place of 0.25 
inches of the down-stream abbreviation for the field of the ion source. 
[0126] 

The long dimension of the ion source was carried in the perpendicular sense, and the ion beam was 
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horizontally drawn with the silicon wafer substrate of four 4 inches diameters. The substrate was put 
on the place of about 7 inches of lower streams of rivers in parallel with an ion source side from die 
front face of the ion source. Each substrate wafer aligned ahead [ one ] in a direct and four 
hydrocarbons nozzle directly ahead of the core of an anode plate channel. 
[0127] 

The chamber was exhausted by the pressure of less than 1x10 to 5 Torrs after carrying a substrate in 
a vacuum chamber. Stability of the ion source plasma was put into operation and carried out with the 
argon. Subsequently, when DLC vacuum evaporationo passed the acetylene precursive gas of 
lOsccm(s) through each nozzle, it started. 
[0128] 

DLC coating was vapor-deposited on the substrate in enforcement #1014L using the following 
conditions. That is, tiiey are all the acetylene precursive quantities of gas flow of 40sccm(s), a 
chamber pressure imder vacuxmi evaporationo of abbreviation 1.6mTorr, and the vacuum 
evaporationo time amount for 4 minutes at the field of 1 50 gauss of abbreviation, and the argon 
plasma precursive quantity of gas flow of 140sccm in the plate voltage for 100 and 111 volts, the 
40A anode current, and the 4 A electromagnet current that passes along each of 28 electromagnets. 
At the time of completion of vacuum evaporationo, the vacuimi chamber could open the outlet and 
the substrate by which the DLC coat was carried out was obtained. 
[0129] 

The maximimi thickness of DLC coating was 1645 A corresponding to the amount of vacuum 
evaporationo of 7A/s of abbreviation. Coating compressive stress was between about 3 and 3.8GPa 
(s). Although the film was too thin for obtaining the exact nano indentation determination of 
hardness, based on the compressive stress about other DLC film vapor-deposited fi-om the acetylene 
precursive gas by the hole current ion source of this invention, and the known interrelation between 
degrees of hardness, the coating degree of hardness was expected to be the range of 23GPa(s) fi-om 
about 19. 
[0130] 

It was proved that this example could vapor-deposit DLC coating in which the non-closed down drift 
hole current ion source of this invention with a straight-line anode plate configuration has a high 
degree of hardness in the amount of high vacuimi evaporationo, 
[0131] 

It was found out that soft DLC coating which has the compressive stress like 0.12GPa(s) by the 
expected degree of hardness of less than 5 GPas is vapor-deposited by the same ion source which 
uses other approach conditions, for example, a higher precursive quantity of gas flow, different 
nozzle geometry, and lower plate voltage, however is operated by acetylene precursive gas. 
[0132] 

Example N [0133] 

Except for the point that both argon plasma maintenance gas and acetylene precursive gas were 
introduced during direct plasma discharge through the anode plate gap of shade, the ion beam 
vacuum evaporationo of both the DLC coatings was carried out using the straight-line anode plate of 
Example M, and the non-closed down drift hole current ion source. The silicon wafer substrate with 
a diameter of 4 inches was put on the place of about 7 inches of lower streams of rivers in parallel 
with the field of the ion source fi-om the fi-ont face of the ion source. 
[0134] 

In enforcement #1097L and #1 102-1 107L, DLC coating was vapor-deposited using the following 
conditions. Namely, the plate voltage for 93 and 103 volts, the anode current of the range of 36 to 
. 40 A, a 4 to 8 which passes along each of 28 electromagnetsA electromagnet current, an abbreviation 
150 to 300 gauss field, the argon plasma precursive quantity of gas flow of 180 to 200sccm(s), the 
acetylene precursive quantity of gas flow of 50 to 60sccm(s), the chamber pressure during vacuum 
evaporationo of abbreviation 1.8 to 1.9mTorr(s). 
[0135] 

Obtained DLC coating had the thickness of the range of 1980 to 5200A fi-om abbreviation 3 [ per 
second ] corresponding to the amount of vacuum evaporationo of the range of 9A. The compressive 
stress of coating was the range of about 1 to 3.8GPa(s), and the nano indentation degree of hardness 
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of coating was the range of 22GPa(s) from about 13. 
[0136] 

In enforcement #1 120L, although vacuum evaporationo conditions were the same, the distance 
between the ion source and a substrate was reduced by 6 inches from 7 inches. The expectation 
degrees of hardness of the compressive stress of vqjor-deposited DLC coating were about 25 GPa(s) 
in 4.5GPa(s). 
[0137] 

The non-closed down drift hole current ion source of this invention in which this example has a 
straight-line anode plate configuration has vapor-deposited DLC coating with a high degree of 
hardness and the amount of high vacuum evaporationo by introducing direct precursive gas into 
plasma discharge through the anode plate gap of shade. 
[0138] 

Above-mentioned example A-N proves the amoimt of high vacuiun evaporationo (more 
[ generally /A //s / 10 ]) which very hard (harder than lOGPa) DLC and Si-DLC coating do not 
expect using the hole current ion source of this invention. The advanced technology has suggested 
that the ion beam vacuum evaporationo system which emits lOOeV per C electron vapor-deposited is 
required for such a high degree-of-hardness ingredient. As an example, when [ else / Weiler / M.], 
people expected that it was probably needed in order to vapor-deposit very hard DLC coating from 
the acetylene in which an ion beam with 150 to 250eV average ion beam energy mainly forms 
C2HX+ ion in the low voltage force plasma state. However, it is shown that the above-mentioned 
example can be formed by the high density ion beam in which the high degree of hardness DLC and 
Si-DLC coating are low average time average energy more substantially than the criteria which are 
lOOeV per C electron, and were formed of the process of this invention. 
[0139] 

From the grid loess hole cxirrent ion soiu-ce of the advanced technology, and related instruction, the 
above-mentioned example is the method which cannot be reasoned and shows the capacity of the 
characteristic hole current ion source equipment which vapor-deposits very hard DLC coating in the 
amount of high vacuum evaporationo again. The property of the amount of high vacuum 
evaporationo and a high coating degree of hardness makes the process of this invention ideal for thin 
DLC about main industrial Field of application and the object for Si-DLC coating production 
containing the following. Namely, production of the magnetic transducer used for the data storage or 
the record medium like a magnetic hard disk, a floppy (trademark) disk and a magnetic tape, a 
magnetic-reluctance sliding child, and magnetic recording like a magnetic tape, the optical data 
storage disk using a phase change medium, and protection coating for a package, the abrasion 
resistance for [ drug regulatory affairs ] various substrates which change from a metal, a ceramic, 
glass, plastics, and those combination to chemical application, acid resisting, a filter and optical 
coating for band passes, and a list, corrosion resistance, and abrasion-proof nature protective coating 
[0140] 

People who became skilled in the technique concerned, without deviating from the range of this 
invention can make various modification and corrections to this invention in order to fit this 
invention to a various application and various conditions. All the equal thing range of the following 
claim has such modification and correction with justice appropriately, and they are interpreted such. 
[Brief Description of the Drawings] 

[Drawing 1] The outline sectional view showing the example of the hole-current ion source 

including the self-self-sustaining cathode devised for vacuum flange installation. 

[Drawing 2] Drawing showing roughly application of this invention used for the hole current ion 

source vapor-depositing DLC and Si-DLC coating on the front face of a substrate. 

[Drawing 3] Drawing showing roughly application of this invention used for the two hole current ion 

som-ces vapor-depositing DLC and Si-DLC coating on the anterior part of a substrate, and regions of 

back. 

[Drawing 4] Drawing which plotted the vacuum evaporationo **** acetylene precursive quantity of 
gas flow in the two anode currents for DLC coating vapor-deposited by the process of this invention. 

[Drawing 5] Drawing which plotted the nano pushing hardness pair acetylene precursive quantity of 
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gas flow in the two anode currents for DLC coating vapor-deposited by the process of this invention. 
[Translation done.] 
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* NOTICES * 

JPO and NCIPZ are not responsible for any 
damages caused by t:he use of this "translaUon. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 5] 
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[Translation done.] 
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